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PRINCIPLES & OUTLINE OF GLASSIFICA 
TION (294-30D- 


36 what are the general principles of Classification . 

(C U. j 9 1 7, 1920) 294 -245. Give an outline of 
anv modern system of classification iC U. 1910. 19* 3 > 
to o 2Q5 - 500, Write short notes on -Species 
Variety, Race, Genus, Natural Order and the Name of a plant 
(C. U. 19”- .1^3) 30 °— 3 °*- 

LIFE-HISTORIES (302—439). 

37 Classify the Algae 302—303, Fungi 304 and 
lichens 305. Describe the life-histories of- Gloeocapsa 
^306 OscHatoria 306, Nostoc** Pleuro- 
coccus 308, Vo 1 vox 309-310- Ocdogonium 
« x -vt Ulothrix 314—3*7, Desnrids 3 ’ 7-3 8 , 
Wv?a* 319-32.. (C. U. 19”. 19 ’ 3 )- Diatoms. 

- 322, Vaucheria 322—325, Ohara 335 33 ?, 

fL us 330- <34. Polvsiphonia 334 - 33 & Bac.eria 

<C U w ig-8>- ' Phytophthora & Pyihium 

3 j°- 0I ?™6 S "Puc'cmia 341 - 357 . Agaricus 

Funaria* (Moss) 372— 3 S2 <C- U n ‘ 9 ‘ *■. : 9 'f f j) , 
Aspidium* (Fern) 384 39 * (C- U. iw. ' 9' -4 

,/L %(Y22) Heterosporous Perns (baivinia, 

/Uofia, 1 Pilularia, Manilla) 393—399* Equisetitm 



399'4°5> Lycopodium 405 — 41 o, Selaginella* 4 1 o — 
419, Cycad (Zamia) 420—425, Pinus*425 — 439. State 
clearly the phenomenon of “alternation of generations" 
in those life-histories in which there is a clear indication 
of it, 

38 . Indicate clearly the phenomenon of 
“Alternation of Generations" in Monocotyle- 
dons and Dicotyledons (439—4^0) and state the 
principal points of difference between the (A) 
Algae and Fungi 440—44 1 (C. U. 1913, 1922), (B) 
Mosses and Ferns 441—442, (C) Ferns, Monocoty- 
ledons and Dicotyledons 442—445 (C. U. 1912) and 
(D) Monocotyledons and Dicotyledons 445—446 C. U. 
1919). 


GENERAL TERMS (447-460), 

39 . Write short notes on the following 
Achlamydeous Actinonmrphic, Adhesion 
minous seed, Aleurone grains . C U. 19:0), 

ttt ■ jfy* T T: „ 1 <m J 
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1920, 1921), Epigynous (C. U. 1916), Epipetalous, 
Epiphyte (C. U. 1919), Exalbuminous, Excurrent 
<C. U. 1917), Follicle, Funicle, Gamete (C. U. 

1910, 1921), Gametopbyte, Geotropism (C. U. 

1910), Graft (C. U. 1917), Guard-cells (C. U. 

1917), Glume (C. U. 1920), Gynandrous (C. U. 

1921), Hastate, Haustoria, Hard bast, Helio- 
tropism (C. IJ. 1917), Hypanthodium (C. U. 1921), 
Hypogynous (C. U . 1916, 1919), Interpetiolar stipules 
(C. U. 1919, 1920), Integument, Imbricate, Impari- 
pinnate, Involucre (C. U. 1921), lsobilateral, Label- 
lum (C. IJ. 1919, 1921), Lanceolate, Latex, Legume 
C. U. 1919), Lenticel, Leucoplast (or Leucoplastid), 
(Ligule, Lomentum, Lodicules, Lyrate, Meristem (or 
Meristematic tissue), Monaddphous (C. IT. 1920), 
Monochlamydeous (C. U. 1915), Monoclinous (or 
Bisexual or Hermaphrodite), Monoecious (C. U. 
1915), Mucronate (C. U. 1915), Nectary, Nucellus 
(C.U. .1921), Nucleolus(C.U. 1910), Ochrea(C U. 1921). 
Octants, Offset, Ovate, Palisade Parenchyma, Pollinia 
(C. U. 1921 , Papilionaceous (C. IJ. 1920, 1921), 
Pappus, Parasite, Paripinnate, Parthenogenesis, 
Pedate, Pedicel, Peduncle, Peltate, Periblem, 
Pericarp, Perigynous (C.U, 1916i, Perisperm, Phel- 
logen ior Cork-cambium), Pinnatifid, Pinnatipartite, 
Pinnatisect, Plerome (C. U. 1910 , Procambium, 
Prothallus (or Prothallium), Protandry, Protogyny, 
Protophloem, Protoxylem, Pulvinus (C. U. 1921), 
Racemose (C. U. 1915), Raehis, Reniform, Rhizoid. 
Rhizome, Runcinate, Samara (C. U. 1916), Saprophyte 
<C. U. 1917), Sagittate, Scape (C. U. 1916), Scutellum 
(C. U. 1910), Silicula, Siliqua (C. U. 1916), Sinuous 
anther (C (J. 1920), Sieve-tube (C. U, 1917), Sorosis 
(C. U. 1916, 1921), Sorus (C. U. 1921), Spadix 
<C. U. 1919), Spathulate, Spathe, Spicate, Spongy 
Parenchyma (C. U. 1910), Spore (C.U. 1910', Spuro- 
phyil, Sporophyte, Staminode (C. U. 1920, 1921), 
Stele, Stipules, Stolon (or Runner) C. U. 1916, 1921 
Stomata, Subulate, Sucker, Suspensor, Symbiosis, 
■Syagenesbus (C. U. 1919), Tendril (C. U. 1921), 
Tetradynamous (C. U. 1920). Thalius (C. U. 1921), 
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Tubes? (C. U. 1919), Umbellate (C. U. 1915 ),' Valv'ate, 
Vernation I.C. U. 1915 ), Verticillaster (C. H. 1921), 
Zygomorphic <C. U. 1917). 

NATURAL ORDERS <458-528). 

40. Describe iie following Natural Orders : — 

Gramtneae, Cypetaceae, Pa lax ac EA H f A r a c k a k , Lkm*» 
NAC EA \i 9 C< M E L V N A C HA ii 9 LiliaCeae, Am A ’ ' VUADA CEA K f 
il'M.i' ACEAE, Sciianihiaeeae, Orchid aceae, PlFEEACKAE, 
U. tkaceae, Pulvgonacea.e, Amarantaceae, Nycta- 

(i IN A CEA IC, PuKTFLACACKAK, LA k\ OP1 I Vi.EAC KAK, 

Nymph \ KACEAli, 1< ANUNCUEACHA K Memspermact ae» 
iVJ Ai.Nt HJACEAE, Anonaceae, Papa veraceae* L \ pea K f- 
dackae, Ctueiferae, KosaCEAE, Leguminosae* Gerania- 
ceae f Uxaudacea K f Rutaceae, Euphorbiaceae* Anacar* 
diaceue, ^apindaceae* VitaceaE, Rhamnaceae, Tiiiaceae* 
Malvaceae,/ Sterculiace'ae, Passiiioraceae, Begoniaceagp 
Cactacea H f Lyihraceae Coixitbretaceae* My?taceae f 
Umbelliferae, SafoTaceaE, Apocyoaceae* AsekpLda- 
ceae, Convolvulaceae, Boraginaceae Verbenaceae, Labia- 
tae, Solanaceae, Seraph uLriaceae, Bignoniaceae* Acan- 
thaceae? Rubiaceae* Cucurbitaceae, C A M panueachak, 
^ Coin post t«ic* bye. 

APPENDIX (l— XXXVI). 

Floral Diagrams of— G rami neat 1 , Cypenieim\ Pnf- 
maocac, Araeeae, Leiimaecae, Liliaeeac, Anutry flida- 
evac, Scbanmiaeeae, (hvhidaceae, Pipe raciar, limea* 
treat*, Crueiieiae, Papaveraeeac, Lc^ummo.sac, Kuia- 
ecac, Euphorbiaeeae. Atmcardiaceue, \ it accae in 
Ampelideae, Khamnaeeae, Tihaeeae, Malvaceae, 
b I y rta ce; ie, Uia belli U-rae, A p < icy i » a e v a e, A m* 1 c p i a d a,~ 
cent*, Ctmvuivulaccae, Bora^iaaocac, Verbenaeefu% 
Labia tae, Solnimccae, Scropbuiunaccac, Rubiaccac# 
Cueurbkaceac, Cumpobitae* 
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CLASSIFICATION OF PLANTS 

OR 

SYSTEMATIC BOTANY. 

36 . What are the general principles of 
classification? (C. U. 1917, 1920). Give an 
outline of any modern system of classifica- 
tion. (C. U. 1910, 1913, 1920). Write notes 
on— Species, Variety, Race, Genus, Natural 
Order and the Name of a plant. (U. C. 191 r, 

1913). 

General Principles of Classification. 

The object of Classification or Systematic Botany is 
to arrange into groups plants which resemble one 
another in fundamental characters and to separate 
plants which are less nearly allied ; these groups are 
then split up into many sub-divisions. In classifying 
plants, either of the two following systems are 
adopted In the first system of classification called 
the artificial system, plants are arranged according 
to one given principle which is more or less arbitrarily 
selected without considering whether or not the 
plants which bear close relationships with one 
another are always grouped together, and those 
which do not bear close relationships with one 
another are kept apart. In the second system 
of classification, called the natural system, plants are 
arranged acaording to their fundamental relation- 



§§ 


ships In the structure and other characteristics' of the 
reproductive organs as well as in the peculiarities 
of the different forms which the majority of plants 
assume In the course of their lives. But a natural 
system which may seem to be perfect to-day, may 
be imperfect to-morrow owing to the discovery of 
many new plants. According to the present state 
of our knowledge of plants, we are in a position to 
. establish certain great divisions of plants according 
to the natural system of classification which will not 
be seriously affected by subsequent discoveries. 

Outline of a modern system of classifica- 
tion. V . ' 

% Bentham and Hooker’s system of classification has 
remained the standard one in Britain for a long time, 
but on the continent has long , been superseded by 
the more natural system of Eaglet* We have there- 
fore adopted this system of classification for the so- 
called flowering plants . The Ferns and their allies are 
classified according to the most recent views upon 
the subject. The vegetable kingdom is now divided 
into four sub-kingdoms or divisions which are (1) 
Thallophyta ; (2) Bryophyta ; (3) Pteridophyta or Vas- 
cular Cryptogams ; and (4) Spetmaphyta* In view of 
recent researches on reproduction, the division of 
plants into Phanerogams and Cryptogams „ the former' 
dicing composed of the Angiosperms and the Gymnos - 
perms and the latter of the Thallophyta > Bryophyta and 
Pteridophyta , is no longer in use. Some botanists ( . 
still group together the Gymnosperms and the Anglos- 
perms into the division known as the Spermaphyta 


; iili 
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but there are others who consider the Gymnosperms 
and the Angiosperms as two primary divisions of 
the plant kingdom since, according to recent re- 
searches, there is a greater gulf between the t,ymnos- 
perms and the Angiosperms than between the 
Pteridopliyta and the Gymnosperms. From a study 
of Palaeobotany we find that there is ais interme- 
diate division called the Pteudo&petms (seed-bearing 
Ferns) 'Which agree with the Gymnosperms in all 
essential characters. 

Thallophyta. mpmyyFy 

The vegetative body of the thallophyta consists of 
ikaltus which shows no differentiation into stem, leaf 
and root or such differentiation is very slight. The 
Thallophyta is divided into the following sub- 
divisions t— (11 Algae, (2) Fang}, and (3) Lichens. The 
body of the Algae contains chrornatophores. There 
is no ebromatophore in the body of the Fungi. The* 1 
fungi derive food materials from living or dead 
matters. Each Lichen is not a single plant but is 
made up of an Alga and a Fungus which -live to- 
gether for mutual advantage. : 

Bryophyta. 

The most important feature which distinguishes 
the plants of this division is that in their develop- 
ment there are always two well-defined stages, each 
stage terminating in the formation of reproductive 
cells. The more conspicuous stage in the life-history 
of these plants is called the gametophyte because it 
produces gametes (sexual cells). The other stage. 
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called the sporophyte, remains attached to the gameto- 
phyte and is more or less dependent upon it. The 
sporophyte bears the spores (asexual cells). These 
stages are generally called * ‘generations 0 and in the 
Bryophyta there is a regular alternation of these two 
generations , the gametophyte being the more cons- 
picuous. The Bryophyta is divided into two classes : 
(1) Haepadceae or liverworts, and (2) Musci or Mosses. 

Pteridophyta of Vascular Cryptogams. 

In this division there is alternation of the two 
generations, sporophyte and gametophyte, the 
sporophyte being the more conspicuous. The sporo- 
phyte is quite independent of the gametophyte during 
the greater part of its life and the body of the sporo- 
phyte is differentiated into true stem, leaves* and 
roots. Special tissues known as vascular tissues 
are developed in the sporophy te of the Pteridophyta, 
in consequence of which the plants under the Pteri- 
dophyta are also known as Vascular Cryptogams. 
The Pteridophyta is divided into the following 
: classes .—(I) Fthcmeae (Perns), (2) Eqtdsetmeae (Horse- 

tails), and (3) Lycopodineae (Club Mosses). 

Spermaphyta. 

The Spermaphyta is divided into (1 ) Gymnospetms 
■and (2; Angiosperms# 

Gymnospetms : In this group the ovules, before 
fertilisation, are not enclosed in an ovary formed by 
a carpel or carpels. The endosperm is formed before 
fertilisation. The Gymnosperms are divided into 
r * the following classes (1) Cycadales (stem with little 
branching ; leaves pinnately divided, forming rosette 
at the end of stem ; flowers dioecious, not grouped in 
inflorescence ; no perianth) ; (2) Ginkgoalcs (stem 
branched with long and short shoots ; leaves faff- 
shaped ; flowers dioecious; stamen with 2 pollen-sacs ; 
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ovules 1 or 2 at the end of rudimentary carpel) ; 
(3) Coniferae (stem branched ; leaves usually narrow, 
often linear ; flowers unisexual ; no perianth) ; 
(4.) Gnetales (stem simple or branched ; leaves m 
pairs, undivided ; flowers unisexual or bisexual with 
perianth and more or less enclosed in bracts. 

Angtospetms : In this group the ovules arc* 
enclosed in an ovary formed by a carpel or carpels. 
The endosperm is formed after fertilization. 1 he 
Angiosperms are divided into the following classes ■— 
(3 ) Monocotyledons, in which the embryo has one 
cotyledon, the flower is usually trimerms (that is, 
each whorl e. g. calyx, corolla etc. consists of three 
parts), the cambium" is absent from the vascular 
bundles which are arranged in a scattered manner 
and the venation of foliage-leaves is generally 
parallel ;*(2) Dicotyledons, in which the embryo has 
two cotyledons, the flower is usually tetramcroas or 
pentamerous (that is, each whorl e. g, calyx, corolla 
etc consists of four or five parts}, the cambium is 
present in the vascular bundles which are arranged 
m a circle and the foliage-leaves usually have reticu- 
le, ted venation. 

The Monocotyledons may be divided under the 
following heads according to the form and disposi- 
tion of the parts of the flower 1 1 Flowers with 
marked iiict/uatiiy in the manlier <>f jmrts : 2) 
Flowers usually tritnerous, rarely inure or two- 
merous, kradf d$yhh0'yh : ; 

The Dicotyledons may be divided into (1) Arehi- 
chlamvdeae, and (2) Sympetalac. In Archichlamydeae, 
the perianth, in lower stapes of devviopnK-m, is 
either (a) absent, (b) in one whorl, pctaloid or sepa- 
loicl, bv the abortion of inner whorl, (c) in two 
whorls' the inner polyphyllous, or (d) in two whorls, 
the inner gamophyllous. In Sympetaiae, the perianth, 
in higher stages of development, is always originally 
in two A’horls, the inner gamophyllous (in a few 
eases polyphyllous or absent . 
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Skeleton of the classification of , 
Plant-Kingdom. 


| l Thallophyta 


1L. BryophyU 


la. Algae. 

J b. Fuogt 
I c. Lichens. 

/ a. Haepaticeae. 

or 

| Liverworts. 

[ b. Mtisci. 


Ill Pieridophyu 


(a. Filidneae. 

) b. Hquisetineae. 
(c. Lycopodineae 


I Gymnosperms- 


IV- SpermapbyU 


Angiosperms. 




(u. Cycadales. 
j />. Ginkgoales. 
I c. Conifer ae. 

| d. One tales. 


Monocotyledons. 


h. Dicotyledons* 



Ilill 


Inter. Questions on the 4i outline of a modern system 
of classification'* from 1909-22. 

' ' f ■ ■ 

1. Give some idea of the 'ittain-.di visions into which the plant 
kingdom is divided. Inline ihe divisions in r pMieral way, (C. <! - 

1010 ). ' ^ ' ■■ ' ; 

2. Give an outline of any modern system .»f ehsMUea' son whU 
which you are acquainted. |C V. 191 BJ,. 

3. Briefly describe any system, of classification known to you,- 

(C. T r . 1920). ■ 


Species, Variety, Race, Genus, Natural 

Order and the Name Of a plant (C. U. 1911, 

191.V 

Species: AH individuals, which resemble one 
another so much as to make us believe that they are 
all, or may have been all, descended from a common 
parent, comprise a species e. g. Solatium tuberosum 
which includes all potato plants { aim) 


Variety & Race s When a number of individuals 
of a species differ from one another, in the course of 
multiplication, in some striking characters, they 
form a variety, A variety differs from a species in 
the fact that it cannot be propagated and that it 
tends to revert to the original species. But there 
are some varieties, called the permanent varieties or 
races which can be propagated by seed provided they 
are under cultivation. But if the races are left to 
themselves on a poor soil, they tend to revert like 
ordinary varieties. ? . : ; v 



Genus: A collection 
Me another more 
constitute a genus e 
species, Solarium t 
S ola fi u ni melongena 
similar species. 

semble one another 
fruit and seed 
naccae . The 
from the 

Name of 
from it 


A collection of genera, which re- 
specially with regard to flower 
constitute a natural order, , e. g. Sola- 
name of a natural order is often derived 
most important genus* 

a plant: The name of a plant is derived 
. s f enenc liame and specific name. The generic 

“rr ,e gmus to which thc p, “‘ «<>'«<> 

T «“= name distinguishes tile plant from 

o hers of the same gena. Thus the na 

V T- Se * h kUmm > pknt has the 
g name ’ Cucurhita, and the specific name, Pepo. 

Inter* Questions from J 909-22* 

!" Illustrate > h y rndian examples, the difference between so ~; M 
and mentis. (C. U. 1911), en s P c cies 

sr IF— 

37 . Classify the Algae, Fungi and 
Lichens. Describe the life-histories of— 

Gloeocapsa, Oscillatoria, Nos toe, Pieurococcus, Volvox, 

Oedogonium, Olothrix, Desmids, Spirogyra* 
(G. u. ipn, 1913 Diatoms, Vaucheria, Chara, 



Fueus, Polysiphooia, Bacteria, Mucor* (C, U. 
1909, 1910, 1918), Phytophthora, Eurotium, 

Penicillium, Yeast* (C. U. 1914, 191A, * 9 -° >. 
Ciaviceps, Pueeinia, Agaricus, Lichens, Mar- 
chantia, Funaria* (C. i;. 1912, 1914. 19171. 
Aspiditm* (C.U. 1915, 19*9. 1920. 192:, 19c- 1 
Heterosporous Ferns, Equisetum, Selagi- 
nella # , Lycopodium, Cycas and PinUS.* State 
clearly the phenomenon of “ alternation 
of generations ” in those life-histories in 
which there is a clear indication of it 

(Note : The students preparing for the Inter- 
Exam, of the Calcutta University should only read the 
life-histories marked with asterisk # ) ■ 


ALGAE 


(Subdivision) 

The body of the Algae contains chromatophores- 
c Algae are divided into the following classes 
Cyanophyceae, (2) Chlorophycene, (3) Phnea- 
ycezte, and (4-) Rhodophyceac. The Cyanophyceae 
1 hhie-sreen Algae containing a blue colouring 
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study Plcurococcns and Volvox ; ( b ) Confer vales, under 
which we shall study Oedogonium and UJothrix ; 
(c) Conjugates,. under which we shall study Desmids 
and Spirogjra ; (d) Dxatomales, under which we shall 
study the Diatoms / (e) Siphonales, under which we 
shall study Vaucheria ; and ( f) Chatales, under which 
we shall study Cham. The Phaeophyceae are brown 
Algae containing a yellow or brown colouring- 
matter known as the phycophoein. Under Phaeo- 
phyceae, we shall study Fucm . The Rhodophy ceae 
are red Algae containing a red or purple colouring-*, 
matter known as the phycoerythrin . Under Rhodo- 
phyceae, we shall study Pplysiphonia . 

■ Skeleton of the classification of Algae. 


I. Cyanoptiyccac- 
{ Blue-green) 


XS II, Chlorophyceae 

1 (Green) 

S3 •; 

03 


Qloeocapaa, Oscillatoria, 

Nostoc . 

Ord. 1. Protoeoccales-— He arocoeetf* 
' to/ VOX. 

Ord, 2. Oonfervales - Oedogonitmu 
Jjlothrix . 

. Ord. 3. Conjugales~A'c.v.wj(is, 

Up. 

Ord. 4 Biatomales— Diatoms. 

Ord. 5. 8iplional.es— Vuvchcria. 

Ord. 6. Charales— Char a. 


O I Class: AT: 
*3 Jffl. PMjgotjyceae-- 
^ 1 (Brown) 

| Class : 

I IV* Rfaodophyceae- 
[ (Red) 


-Polywphoni 
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FUHC1. 

(Sub-division) 

The body of the Fungi contains no chromatophore. 
The fungi derive food materials from living or dead 
matters. The fungi are divided into the following 
classes :— ai Schizomyceies, 'b) Myxomycetes, fe; Phyco- 
mycetes, (d) Ascomycetes, (e) Aeddiomycetes , and (1) 
Basidiomycetes. Under Schizomycetes, we shall study 
Bacteria. The Phycomycetes are divided into two 
sub-classes — (1 ’ Zygomycetes and (2) Oomycetes ■ 1 nder 

Zygomycetes, we shall study Meteor and under Oomy- 
cetes, we shall study Phytophthora. Under Ascomy- 
| cetes, we shall study Eurottum, Penidlliom, Cla viceps and 
Yeast . Under Aeddiomycetes, we shall study Paccinta 
and under Basidiomycetes, we shall study Agarkus. 

Skeleton of the classification of the Fungi. 


r 


Class 


f 

I 

lA 


p 

© 

■w*“l 

m 


V * 


to 

1 55 

to 

i to 


I. Schizomycetes -Bacteria, 

Class : 

II. Myxomycetes. fdfd 
Class : 

III, Phycomycetes. 

Sub-class : Zygomycetes —Mucor. 
Sub-class : Oomycetes— Phytophthora . 

T- - V r': h 5 V ■ 

IV. Ascomycetes— Eurottum PenkitUum Claw- 

ceps ; Yeast, 

V- Aeddiomycetes - Paccinta. 

Class : 

l VI. Basidiomycetes —Agarkus. 
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LICHENS. 

(Sub-division) 

Each Lichen is made up of an Alga and a Fungus 
which live together for mutual advantage. The 
Lichens can be divided into the following classes — 
(a) Fruticose, (b) Foliaceous, and (c) Crustaceans* 

LICHENS. 


Frulicose. 


Foliaceous* 


Crustaceoas. 


ALCAE. 

( Sub-division ) 

Class I : Cyanophyceae (Blue-greenh ^ 

Types ; Gtoeocapsa, Oscillatarii, Nostoc. 

Type : ;^;DiL0E0OAPSA> . ; : ■ ■ 
(Blue-green Algae). 

Gloeocapsa (Fig. 124) occur at times in groups on 
damp rocks and walls. Each plant consists of a 
single celt which is either isolat- , 

eel or several of which lie to- .. — . q 

gether within the gelatinous HP 

wall of their mother-cell. Each w^nSy) 
cell consists of a watt and a $g|jm 

mass of protoplasm ; no nucleus \&jg/ 

can be seen. The wall is pecu- q 

liarly soft and forms concen- 
trie envelopes around the mass 
of protoplasm. Each plant 
multiplies by division in all 
directions, so that groups of Fig. 124. 

daughter, grand-daughter and Fig. 12 Gloeocapsa A 

even great-grand-daughter P iar3tt wlth th . Q 

^ ^ „_5V wall formed of concentric 

plants may remain enclosed in enve i 0 pes. B, C, D & B — 

the envelope of the original Groups of plants within 
mother-cell which becomes the wall of the mother- 
very much swollen and jelly- ceI1 - 

20 
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like. The outer walls of the groups of plants finally 
become changed to a soft mucilage. 


Type : OSCILLATORIA (Blue-green Alga), 
(Fig. )2s A.) 


' Habitat : Oscillatoria is found in greatest abun- 

dance in open drains, ditches or 
5 pools where the water is foul a 

with decaying organic matter. "R 

There it may form thick felts on feSM q* 

| the bottom or rise to the surface # 

gl*. in slimy masses. Microscopic 8 

Ri structure: Each plant consists a 

I of a chain of flattened cells which [j Sga M 

' are usually covered with a deli- (n) 

cate sheath. Bach cell consists ntyyj q 

of a wail which encloses a mass |S%y g 

of protoplasm in which the blue- Erlivij 8 

green colouring-matter is diffas- 'Sk 

ed. There is no nucleus although 
the central region of the cell has »• 

a different structure from the 
outer and probably contains nu- r v . rir,. uscillatori* 
clear substance. The plant is not (A) & Mauoc (B) 
straight but is somewhat twisted A-OacUl&tnrm with a 
into a very oblique spiral which dead cel! (dh 
, turns on its axis. Reproduction ; H-Noatoc with the 
i f Reprcduction takes phtce by the hvu-n,cy*t (h). 

T breaking of the plant into pieces, generally at some 

> point where one or more cells have died ( Fig. 

125A.d). Each of these pieces moves about for a 
certain length of time, then comes to rest and grows 
into a new plant. 



cells, termed heterocysts (Fig. 125B.h), are inter- 
posed at intervals in the chain. The heterocysts are 
incapable of further development and are generally 
-devoid of protoplasm. They are lighter in colour 
and their function is not clearly understood. Growth* 
Each plant increases in length by the transverse 
■division and growth of the individual cells. Repro- 
duction : The plant normally multiplies by division. 
At the time of reproduction by division, the portions 
of the plant that lie between the heterocysts creep 
out of the mucilaginous substance, while the hetero- 
cysts themselves remain in it. Having come out of 
the mucilaginous substance, these portions of the 
plant, termed hormogonia , move about for a certain 
length of time and then come to rest. They then 
-stretch themselves out and surround themselves with 
a mucilaginous envelope. Individual cells of the 
hormogonia, disposed apparently in no definite 
order, become heteroe\ r sts. In many forms, resting 
spores are formed by the enlargement of single cells, 
the walls of which become greatly thickened, j Rest- 
ing' nuclei are present in these spores. 
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Class. II. Chlorophyceae (Green). 

Types : Plearococcm, Volvox, Oedogonium, Ulo -• 
iftr/x, Desmids, Spirogvra, Diatoms , Vauchena, 
Chara. 

, Order. Protococcales. 

Type : PLEUROGOCCUS (Green Algae). 
(Fig. 126 ). 

Habitat: Pletirocbccus vulgaris forms 
covering of wooden posts, damp walls ana 
trunks after heavy rain . Micros- 
copic structure : Each plant is a 
single cell which is composed of a 
wall enclosing a mass of proto- 
plasm, a large chloroplasticl and 
a nucleus. Reproduction : At the 
time of reproduction, each cell 
divides into two and thus two 
new cells (plants) are formed 
' which subsequently become sepa- 
rated from each other. Frequent 



Fig. 126. Pleurococcus. 
A— The plant. B-Group 


ly, instead of separating, the cells * !>»««.•*« 

* * * on/* inr miner either 


remain 


united with one another forming either a 
colony or a filament which ultimately breaks up into 
individual cells. Other forms of reproduction: Asexual re- 
production : Sometimes the contents of a cell, on being 
set free develop two cilia. The biciliate body, thus 
formed’, swims about for sometime by the move- 
ment of cilia, then comes to rest, clothes itself with 
a wall and thus forms a new plant. Sexual reproduc- 
tion : Sometimes similar biciliate protoplasmic bodies 
are formed which unite (conjugate) with each other. 
The body, thus formed e. g. zygospore, then clothes 
itself with a wall and develops into a new plant. 


o— 
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Order. Ptotococcales. 

Type : VOLVOX (Green Algae) 

(Figs. 127 & 128). 


Habitat & Microscopic structure : Volvox glob&tor 
gs. 121 . A & 128) consists of many hundreds of 


3 & 5i; Xvt^aBS^sp 


27. Volvox . 


A— Colony of Volvox with tAree daughter colonies {cl) develop- 
ing in its interior. B —Section of the edge of the colony showing 
three smaller vegetative cells and a large developing female cell 
ioosphere). C— A cluster of male cells {spermatozoids) within the 
parent cell (antheridial cell ) and a single spermatozokl very much 
magnified at the side. D— A female cell {oosphere) surrounded by a 
swarm of male cells {spermatozoids). B— An oospore surrounded 
by a thick wait 


It 
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cells (some- 
times more 
than twenty 
thou s a n cl > 
that are em* 
"bedded in a 
gel a ti n o ti s 
substance in 
the form of 
ti sphere with 
the pairs of 
dlfa pointing 
o u t w a r d s , 
These groups 
(colonies) of 
cells, # as large 
as: pin heads, 
roll slowly 
through the 
water of quiet 
pools and ponds . 
Each cell eon- 



Fie 


12s. Anther idin Oogomn 

■ (hjaf I'olvox, 

sists of a. mass of protoplasm containing a nucleus and 
a chtoropkslid but no cell-l»alt. Asexual reproduction : 
Daughter colonies (Fig. 127 A. d ! are tunned front 
certain cells which, after a period of growth, develop 
a large number of motile cells like the parent. These 
small cells become arranged to form a daughter coir*, 
ny which swims around in the interior of the mother 
colony, Sometimes several of the daughter colonies 
are developed and they finally escape by the rupture 
of the parent structure. Sexual reproduction : The 
sexual organs are produced within the mother 
colony by the enlargement oi vegetative cells. The 
male sexual organ known as the antheridium ( Fig. 128, 
a) contains a large number of bicitialemulv sexual cells 
known as the spermaiozoids 1 Fig. 127- C . The female 
sexual organ, known as the oogonium (Fig. 128. b), 
contains the female sexual ceil known as the oosphere 
{Fig. 127. B) which is a naked spherical mass of 
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protoplasm containing a nucleus. Fertilisation: The 
spermatozoids (male cells) are set free within the 
mother eolonv and gather about the oosphere 
(female cell) in swarms (Fig. 127. D). Finally, a 
single spermatozoid unites with the oosphere and 
the_ product of union is known as the oospore (Fig. 
IwT. Fa which covers itself with a two-layered wall 
and passes through a period of rest when it assumes 
a brick-red colour. Germination: The germination 
of the oospore takes . place in the spring after 
its formation. At the time of germination, the outer 
coat of the oospore bursts and the protoplasm 
emerges surrounded by the swollen inner membrane* 
Hie mass of protoplasm at first divides into an 
eight-celled disk which is subsequently transformed 
into a Vol vox-colony. 

Order. Confervales. 

Type : 0ED0C0NIUM (Green Algae). 

(Figs. J29 & 130) 

Habitat & Microscopic structure: The simple filaments 
61 Oedogonium ciliatum can be found in rather still 
waters, attached to water-plants or bits of plant 
remains, or they may float in masses on the surface of 
the water. When young, the plants are generally 
attached by a special rooting-cell ( Fig. 129. A) but 
they often break off and float when they' are older. 
Each plant consists ot a row of cylindrical cells, each 
slightly swollen at the top and having a cell-wall 
lined with protoplasm in which is embedded a single 
chromntophore which forms a sort of net-work and 
which contains pyrenoids. There in a large nucleus 
with a well-marked nucleolus in the protoplasmic 
lining. Close to some of the transverse walls, there 
are a number of fine parallel markings, which project 
at the edges so that the end of the cell appears to 
nave a number of narrow caps (Fig. 129 B. c). 
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Asexual reproduction : In Oedogonium ctlmhm » 
the asexual reproductive cell is formed from the 
entire contents of any cell of the 
filament. The protoplasm be- 
comes rounded off and. escapes 
through a slit in the wall near one 
end* It is surrounded by a very 
delicate transparent membrane 
and its more pointed colourless 
end is surrounded by a crown of 
delicate cilia by means of which 
it moves (Fig* 129. D). After 
swimming about for a few minu- 
tes, it comes to rest, settling on 
its colourless end. It loses its 
cilia, clothes itself with a wall 
and immediately proceeds to form 
a new plant. These motile bodies, 
which are known as mogonidia , 
move in the direction in which* 
the light falls upon them. If very 
strong, they move away from it, 
if of moderate intensity, they 
swim towards it. Sexual reproduc- 
tion ; The male sexual organ is 
known as the mttheridium (Pig. 

129 B» a) and the female sexual 
organ is known as the oogonium pore 
{Pig. 329 B. )'o. The antheridia 
and oogonia may be developed on 
the same plant or on different 
plants. Each nntheridium consists of a single ceM 



Fig. 1 20 Ovdogiumwu 

A Knot ittff eel! * it’ the 

plant. li— Two plants 
wit’ll ant her him fa) 
and ongonitt {o'), G— 
T Wi * sperm a t oseo/Vs 

'with crown of cilia. 
U — A mago nullum, B 
■ A germinating otts* 
producing /oar 
zoospores. 


k 



"which is similar to the other cells * 

of the plant, except that the an* %jjp^ 

theridial cells . are shorter, and 
generally occur in series, one below 4 *0$^ 

the other. The contents of each ! i&' jj&mp g 
antheridial cell generally divide 
into two parts each of which, JHHff 
when set free, forms a multicilmte i 
motile body known as the sperm a- 
tozoid which is similar to a zoo- Jgip^ 
gonidium, hut smaller and paler B 
(Fig. 129. C). Each oogonium is B 
formed from a single cell of the " |||I 

plant which becomes ovoid, |||yj 

swollen and granular. The eon- «. ^ ' * . 

tents of each oogonium become A-aJlfSC 
rounded off to form the female short eellsl (m) and 
cell known as the oosphere which oogonium (og). B— 
contains a good deal of chlorop- f [ hva ff , ma J e P 13 ? 4 
hyll except at a certain point «oioni«« fog}° coa- 
known as the receptive spot. Near taining the oosphere 
the receptive spot, the wall of the (°)- 
oogonium opens in the form of a circular crack, a 
pore or a little lid. One of the spermatozoids enters 
into the oogonium through the opening and unites 
with the oosphere at the receptive spot ; the product 
of union is known as the oospore. The oospore sur- 
rounds itself with a wall which gradually increases 
in thickness. Its colour changes to yellow or red and 
it becomes crowded with drops of oil. The oospore 
is set free by the decaying of the plant, including the 
wall of the oogonium. On germination, the outer 
wall is burst, and occasionally the contents arrow 
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Another kind of reproduction. 

In some species, termed gynandrosporou', the plant 
produces no antheridia but only oogonia. Some of the 
cells of such a plant undergo transverse division to 
form short cells (Fig. 130 A. mi which somewhat 
resemble antheridia. The contents of each of these 
cells are set free as a single multidUaie zoospore, termed 
an androspore, intermediate in size and colour between 
the ordinary zoospores and the spermatozoids, and 
resembling them in form. The androspore swims 
about for a certain length of time, then comes to 
rest, attaches itself to the wall of an oogonium (Fig. 
130 B. ogj, germinates and forms a small filament, 
known as the dwarf- male (Fig. 130 B. m), which 
consists of a root- cell and two or three cells above it; 
each of the upper cells is an antheridium and its 
contents are set free as single spematozoid which 
unites with the oosphere of an oogonium. The pro- 
duct of union is known as the oospore within which 
four zoospores Site usually developed. The zoospores, 
are set free by the bursting of the wall of the oos- 
pore and each of the zoospores develops into an 
Oedogonium plant. 

Order. Confervales. 

Type : ULOTHRIX (Green Algae). 

{Fig. 131) 

Habitat: Vlothrix zonnta occurs in clusters in 
shallow fresh water and in other places where the 
water is constantly renewed. It flourishes in cold 
weather, dying off in the summer. Microscopic 
structure: Each plant (Fig. 131. A) consists of a 

f reen unbranched thread which is generally attached 
y a somewhat pointed end to structures like stones, 
though sometimes it is found floating. Each plant 
is found to consist of a large number of cells which 






Fig. 131. Ulothrlx. 

A — Plant with the rooting-cell at the base and pyrenokt 
Cpy). B— Portion of the plant with a vegetative cell below and 
: 'two : cells: , which' 'have 'formed four and' eight zoogonidia respec- 
tively. C — A zoogonidium with the red-spot (p) and four cilia . 

Stages in the germination of a zoogonidttm. £ — Portion of a 
plant illustrating the formation of gametes. F--(l) A hiciliate 
gamete ; (2) A hiciliate gamete with red spot (p) ; (3) Two biciliate 
gametes just conjugating by their pointed ends ; (4) Sc (5) The con- 
jugation of two hiciliate gametes is more advanced ; (6) The con- 
jugation of two biciliate gametes is complete and the zygospore 
contains two red-spots (p) and four cilia. 0— The zygospore with, 
a thick- wall, pointed end and many zoospores. 

Asexual Reproduction : Any cell of the plant may 
become an asexual reproductive organ when its pro- 
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Toplasmic contents and nucleus generally become 
•divided into two or four parts and sometimes into 
eight parts* Then a mass of protoplasm collects 
round each of these nuclei and thus a number of 

• naked pear-shaped bodies called zoogomdia are pro- 
duced within each celb Each zoogonidium has a 

1: mass of protoplasm, a nucleus, a chloroplastid, a red- 

c spot called eye-spot at one side (Fig* 131 Cp), four 

cilia at the pointed end and a vacuole which is rapidly 
n expanding and contracting. The zoogonidia are set 

£ free by the rupture of the wall of the mother-cell and 

l after swimming about for sometime ’by the move- 

J ment of cilia, they come to rest, withdraw their 

cilia, fix themselves to some substance by their 
f t colourless ends, become clothed with wall and grow 

c < , into new Ulothrix plants. (Sometimes the entire 

j ; -mass of protoplasm of a cell is set free as a zoogo* 
j s ;sttdium). 

J ■ i ^ Sexual Reproduction : Sexual reproductive struts 

; < tores are produced exactly like the asexual ones by 

< the division of the nucleus of a cell into many parts 

< and the subsequent collection of a mass of proto- 

<t plasm round each of these nuclei* # The sexual y’epro- 

g' ductive structures are hidUate (Fig* 131R1 ik 2) and 

€ ' in other respects they are exactly similar to the 

4 ^ f zoogonidia. These bodies are then set tree hv the 

4 % rupture of the wall of the mother-cell and begin to 

swim about by the movement of cilia. When two 
of these bodies come near each other, their cilia be- 
come entangled (Fig. 131 P.4) ; they first touch at 
Their colourless pointed ends (Fig* 131 ^ P.3) and 
gradually unite (Fig. 131 P.5) to form a single body 
called zygospore (Fig. 131F.G). These motile bodies 
must therefore be regarded as gametes and the zygos- 
pore, which is the result of conjugation, is a motile 
cell with four cilia (Fig. 131F.6) and is distinguished 
from a zoogonidium by the possession of two chlorn- 
■ plastids and two eye-spots (Fig* ISIF.bp). The zygos- 
pore moves about for sometime, then comes to rest, 
withdraws its cilia, fixes itself to some sutetence by 

* its colourless end (Fig. 1310)* becomes clothed with a 
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thick * wall and then enters on a period of test 
through the summer months. Under favourable con- irJ 
ditions of existence in autumn, the zygospore germi- 
nates and produces directly from its contents a £! 
number of structures called zoospores (Fig. 131.G) 
which are set free by the bursting of its wall. The 
structure of a zoospore is exactly similar to that of 
a zoogonidium but its mode of origin is different. [ 
(Sometimes if the gametes fail to conjugate, they may j 

grow, into new plants in the same way as the I 

zoogonidia). , 1 

Other forms of reproduction j If the plant is in 
danger of drying up, it divides up into a number of 1 
thick-walled green bodies which enter on a period of 1 
rest and on the return of favourable conditions of I 

existence, each of these bodies germinates into a new f 

Ulothrix plant. If, on the other hand, the plant J 

happens to lie under sufficiently damp conditions, it 1 
is divided into a number of green thin-walled bodies 
embedded in a jelly-like substance. These green bodies 
rapidly multiply by division and this form of ; 
Ulothrix very much resembles a plant called Palmella 
and hence the Ulothrix plant is said to have assumed j 
a “Palmelloid condition.” 



Order. Conjugates. 

Type : DES1I0S (Green Alage). 

(Fie. 132) 

Habitat i These are iresh water plants. Micros- 
copic structure : These plants are unicellular and 
generally live isolated, less frequently in rows which 
readily break up into separate cells. Each cell con- | 

sists of a mass of protoplasm, a nucleus, two or more | 

chloroplostids containing pyrenoids (Fig. 132. B (1) & I 
C). Vegetative Reproduction : The Desmidte multiply I 
to a large extent by division. Each cell divides into- 1 
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iwo by a wall in the plane ol symmetry or withm 
the constriction when there is one ; this wall splits up 
into two parts and thus the halves are separated (big. 
132. A, B (1) & C). A new half grows out from each 
half at’ the place of separation 'Fig. 132. R 2} and a 
new plant is thus produced. Thus the two halves of 
a plant are of different ages. 



Fig, 132. IMsuikh. 

„•!— A dcsmid (Closierhtm ) : at the left there is the phut and «f. 
the right there is a zygospore !z) between the halves of two empty 
plants whose contents have fused. Ti — A desniid fOosiunrniti *) ; 
(l)-the plant; (21— the plant which has just divided and is 
forming two new ports lx; tween the old I m Ives <4 ilic pnvcut 
C— A dcsmid (AffcrasUrfas) which is very chitiorntv in its out- 
lines and markings, D~ Hyahthetn $ which is a eoninion hlnmruto- 
its desniid ; the appearance of the veils in face view is shown at 
the right. 

Sexual Reproduction ; The other mode of repro- 
duction of Desinids is by conjugation. Fach of the 
two conjugating plants puts out towards the other 
a conjugating process and the two processes meet and 
each expands into a hemispherical bladder. The wall 
that separates the conjugating processes disappears 
and the contents of the conjugating cells unite in the 
broad canal thus formed. The zygospore 'Fig. 132 
A. z), thus produced, either germinates directly or 
its contents produce two or more daughter-cells, 
each of which multiplies by division. 
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Order. Conjugates. 

Type : SPIROGYA (Green Algae). . 

(Fi^ |33). 

Habitat; These are common thread-like Algae 
which grow in slimy masses at the top of stagnant 
water, in ponds, streams 
with a very slow cur- 
rent and in other simi- 
lar masses of water. 

Microscopic Structure ; 

Each plant is composed 
of similar cylindrical 
cells joined end to end 
showing no distinction be - 
dvoeen base and apex , 

Each cell of a well- 
cleveloped plant is com- 
posed of (1) a wall 
covered with a thin 
gelatinous sheath; (2) 
a thin layer of protoplasm 
attached to the cell- 
wall; (3) a central mass 
of protoplasm containing 
the nucleus and the 
nucleolus ; 4*) vacuoles, 

crossed by delicate pro- 
toplasmic strands of 
cells connecting the 

central mass of proto- 133 Spirogyra. 

plasm with the proto- -4 —Illustrates stages in conjuga- 
plasmic layer in contact 



tion \ conjugating tube (ct), spiral 
hand of chloroplastid (s) contain- 
ing pyrenoids (p); two zygos- 
pores ” shown above. J3— Illus- 
trates conjugation between adja- 
cent cells of the same plant. 

plasm attached to the cell- wall. Numerous colour- 
less structures called pyrenoids (Fig. 133 A. p) , occur 
in. each chloroplastid. Each pyrenoid is mainly 
composed of proteins surrounding starch, grains. 


with the cell-wall; (5) 
spirally coiled chloroplastids 
(Fig. 133 A. s) which 
lie in the layer of proto- 
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Vegetative Reproduction i Each plant may break up- 
into cells or into similar pieces, each being composed 
of a tew cells. These divide and form fresh plants. 
This mode of reproduction, which is purely vegetative, 
takes place comparatively rarely. Sexual reproduc- 
tion : Under favourable conditions of growth, the 
plant reproduces itself sexually. In this process, 
two plants lie side by side and send out small tube- 
like structures called conjugating tubes from opposite 
-cells. The conjugating tubes meet with each other 
by gradually increasing in length, the cell-walls at 
the points of contact are then absorbed and a free 
communication is then established between the cells. 
The contents of each cell constitute a gamete (sexual 
mass of protoplasm) and the cell bearing a gamete 
is known as the gametangmm Then a gamete of one 
plant passes through the conjugating tube and 
unites, with the gamete of the other plant. _ The pro- 
duct of union is known as the zygospore which covers 
itself with a many-layered wall. Under favourable 
conditions of germination, the zygospore germinates 
arid gives rise’ to a Spirogyra plant. (Note : The 
gametes which move down the tubes may be said 
to be male , the gametes which receive the male 
gametes are the female . Usually all the gametes of 
one plant pass over into the other plant, so that 
the plants are unisexual; but sometimes conjugation 
takes place between the gametes of the same plant, 
the contents of one cell entering into the other. (Pig. 
133. B). 

Sometimes when conjugation fails to take place, 
the gametes contract into bodies called azygosporet 
which are said to be formed parthenogenetical'y. Each 
azygospore may germinate like a zygospore and a 
Spirogyra plant may be developed from it. (Note: 
Parthenogenesis is theprocess by which a sexual eel! 
develops into the normal product of fertilisation 
without a preceding sexual act. The gametes (sexual 
cells) of Spirogyra, without sexual union, may be 
converted into azygospores which develop into new 
plants). 
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Order. Dtiatamales. 

Type : DIATOMS (Green Algae): 

(Fig. 134). 

Habitat: These plants are present in both fresh and 
salt water. Microscopic structure : These unicellular 
plants occur either 

free (Fig. 134. A,E, jf| jSt^r >rs 

F) or connected ||i l | // /J\\ 

into .filaments, or ml A f / | 

masses by mucilage Jrm 

(Fig. 134. C. D*>; fS> j M 

sometimes these a® \¥| W/ if f 

plants are attach- M ft$pl » \ fl7f 

ed. Each cell (plant), If A |g||| ^ VJ <c/ 

called fmstule , con- W 

sists of two halves, ’ .rTOTr; 

called waives (Fig. /||&v SL m 

134A. 2) of different raji 

ages, which are not >4 l||t 

ous but are related Jjte? - WlL 

the two parts of a ^ j® 

pill-box, the one ijfl IF 

overlapping the JP \ I ftf 

other. The cell-con- || / 

tents consist of a %s|r dmMz 

more or less vacuo- ~ 

hied mass of proto - Fig. T 34 . Diatoms . 

phsm which forms id — The boat diatom (Navicnla); { 1) is the 
a laver in close fr°nt view and (2) is the side view show- 
contact with the !?- **?? overlapping valves. B- 
- _ /* ^ T wo diatoms (.1 finances) whose contents 

inner surface of the ] lave united to produce the sexually 
Ceil- wail ; in this r formed spore (mixospore) and whose 

there is a nucleus ^ Hir em P tv shells are seen. C~~ Groups of 
and chromatophores. diatoms .{TaheUaria) have united with 

mn «* wl ^ one another to form a zigzag fiMment. 
which ma J be - one l>~Groups of diatoms borne on g&latin- 
OF more, rn the ous stalks. E— Diatom {Bpithemm}* F~ 
form of relatively Diatom { Triceratium ). 
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■large plates. Vegetative reproduction •* Vegetative 
multiplication by division takes place by the division of 
the protoplasm into two cells, each of these cells has 
one of the two valves of the parent cell on one side 
of it ; it then secretes a new valve on its naked side 
which is smaller than the older valve and fits inside 
its rim ; thus two new individuals are formed. This 
process of multiplication is accompanied by a 
decrease in size ; and if it is repeated indefinitely, the 
cells would become smaller. This process of diminu- 
tion is interrupted by the formation of auxospores, 
either asexually or sexually. In the former case, the 
protoplasmic contents of a cell (plant) escape from 
the separated valves, as an auxospore , which after 
growing considerably, stretches two new valves form- 
ing a new and larger plant. In the latter case, two 
naked masses of protoplasm which have escaped 
from the separated valves, conjugate to form an 
(Fig. 134 B) which becomes a new plant. 


Order. Siphonaks. 

Type : VAU0HERIA (Green Algae). 

(Figs- 135 & 136). 

Habitat: Vaucheria sessilis is a common green 
Alga living in fresh water and in damp places. A few 
live in brackish water. Microscopic structure : The 
body of the plant consists of much branched tubular 
threads (Fig. 135E). The plant, when growing on 
damp earth, is fixed to it by a peculiar colourless 
structure called root-process (Fig. 135 E.h). The body 
of the plant is coenocyttc because it consists of a con- 
tinuous tube without any transverse wall and is 
made up of a large number of protoplasmic masses 
containing nuclei. The wall of the tube is lined with 
a layer of protoplasm in which are embedded a large 
number of chloroplastids and numerous drops of oil ; the 
centre of the tube is occupied by a vacuole which is 
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filled with cell-sap. The growth of the plant, takes 
place by the elongation of the tips. Vegetative Re- 
production * When the plant is in danger of being 
dried up, its body is divided into a number cd parts 
by transverse walls. The protective condition is 
known as the gongrosira condition . Each of these 
parts grows up into a new plant when favourable 
conditions of existence return. Asexual Reproduction : 
When the plant is about to develop asexual repro- 
ductive organs, the tips of some of the branches be- 
come swollen (Fig. 135 A) and the contents of 
the tips become cut off from the rest of the body 



Fig. 135 Vauchcria. 

A— Left and right figures show formation a nd discharge of a 
multicilia tv zoogonidium from an opening at the tip of a zoogoni- 
dtmgwm. it -The zoogonidium showing the multiciliated surface 
at the right and the skeleton of the zoogonidnngium at the leit. 
O— Section through the surface of the zoogonidium showing the 
pairs of cilia above the nuclei and the layer oi plastids beneath. 
D— Germination of the zoogonidium. B— Young Vauchcria plant* 
the two filaments having arisen at opposite ends oi the zoogoni- 
dittxn, one having developed an organ of attachment or root- 
process (h). F— A group of plastids. . 
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of the plant by transverse wait (Fig. 135. A). 
The contents of each of the tips contract from the 
wall and thus a multieiliate body haring many 
nuclei is formed. Each of these bodies is called a 
zoogonidmm and the structure in which a zoogonidium 
is developed is known as zoogonidangitxm f Fig. 135. A). 
The zoogomdia are set free by the bursting of the tips 
of the zoogonidangia (Fig. 135. B). The zqogoni- 
dium may be broken into two parts at the time of 
squeezing itself out through the opening of the 
zoogonidangium. On coming out of the zoogoni- 
dangium,the zoogonidium swims about for sometime 
and while still in motion, forms a wall through which 
the cilia protrude. The zoogonidium then comes to 
rest, withdraws its cilia and grows into a new 
Yaucheria plant (Fig. 135. D & E). 
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Fig. 138 . Vancherm* 

A— Upper figure showing oogonium (o) and anther idium fa) ; 
lower figure showing oospore (os) with a thick wall and the 
skeleton of an antheridium beside it short lateral branch 

from the body of the plant has developed four oogonia and air 
ant her M turn (a) which has discharged its contents* C~BfcUiate 
apermatozoids, D~~Germina t wg oospore. 
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Sexual Reproduction : The sexual reproductive 
organs are either formed on short branches or they 
take the place of short lateral branches. The branch 
forming the female sexual organ, called oogonium fFig. 
136 A, o) becomes swollen and all the nuclei in it 
except one pass into the body of the plant. The 
contents of the oogonium are then cut off by a wall 
from those of the body of the plant and become the 
female gamete called oosphere which is rich in chloro- 
phyll and oil-drops. At the tapering end of the 
oogonium there is a clear spot called the receptive 
spot / The male sexual organ called antheridium (Fig, 
136 A. a) is developed near the oogonium. Its tip 
becomes curved and is cut off* by a transverse wall. 
The antheridium is multinucleate and from its nuclei 
and a portion of the protoplasm, the male gametes 
called spermaiozoids (Fig. 136. C) are formed. The 
spermatozoids are bidtiate and are set free by the 
bursting of the tip of the antheridium. Fertilisation : 
At the time of the maturity of oogonium, a mucila- 
ginous substance is excreted through an opening at 
the receptive spot and the spermatozoids are attra- 
cted by the smell of this substance. One spermato- 
zoid at last enters into the oogonium through the 
receptive spot and unites with the oosphere. The 
oospore (Fig. 136 A. os), which is the result of the 
fertilisation of the oosphere by the spermatozoid, 
then develops a thick wall and "undergoes a period 
of rest when its colour changes from dark-green to 
red or brown. Under favourable conditions of exis- 
tence, the oospore germinates (Fig. 136. D) and 
grows up into a Vaucheria plant. 


ii 


'Order. Cfaarales* 

Type : CHARA (Green Algae). 

(Figs. J37, 138 & *39). 

Habitat : These plants form close patches at the 
bottom of fresh-water and brackish lakes, ditches 
and streams ; some grow in deep water, some in 




iiul some in raj>id 
intermixed with 

The body of the 

'roof, stem and leaf. The 
of the first root of the 
The stem (big. 137 A,) 
and internodes, the 
the whorls of leaves which 


shallow, some m stagnant w ^ 
streams; perennial species yc* 
annual. Morphological structure 
plant is differentiated into 
toots, with the exception 
embryo, are all adventitious. 

is distinctly segmented into nodes 

nodes being marked r>\ t... 
they bear ; secon- 
dary leaves (secon- 
dary rays) are also Ai T& 

developed from the a % 

p r i m a r y ones. ^ 

Branches are devel- W t 
oped as buds in the 1 
axil of one or more wap 
leaves in e a c h 
whorl. Microscopic VM VI 

structure : The m- j| 

tern odes of the 
stem consist of a Ami \ . 

longitudinal series 
of elongated cylin- vNMU 

drical cells separat- ^®r<. 

ed from each other \\nSa' 

bv transverse pla- YYN\ 

tes of small cells at 
the nodes. Each Wv 

internode is cover- 
ed bv cortex which (T 

consists of rows of \ ^ 

cells, sometimes \ 

spirally twisted, V 

produced by the ' 

growth ul the peri- 
pheral cells of each 
node, both up- 
wards and down- 
wards. AH the cells Fij^, l.JT. Churn. 

contain small Ohio- ,1— -A portion of the plant showing dr - 
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roplastids which Zt&XlS 

He embedded in the mg the sexttal {male and female) organs . 

, « • c — A magnified view of a portion of a 

protoplasm imme- j ea f hearing the male and female sexual' 

diately beneath the organs ; the female organ, oogomum 
(o), consists of spirally wound filaments 
cell-wall. 1 he more which form a crown at the top ; the 

nAffmii rvf male organ, antheridium (a), is com- 
intemal portion oi posed J flattene d cells {shields). D- 

the protoplasmic A portion of an antheridial fila- 
, , •- ment, each cell of which bears a male 

layer shows the cc u ? spermatozoid ; B — Two biciliate 

movement known spermatozoids. 

as cyclosis . The central portion of the cell, when the 

cell is fully grown, is occupied by a large vacuole filled; 

with cell-sap. Each cell contains a single nucleus , 

•when young ; but the long internodal cells, when 

old, are found to contain many nuclei by the division 

of the original nucleus. The sexual organs are in all 

cases borne on the leaves (Fig. 137.B). The plant 

may be either monoecious or dioecious. The antfae- 

tiditfm or globule (male, Fig. 137 C.a) is a spherical 

body, of a green colour when yotmg blit orange 

when mature, borne on a stalk (Fig. 138 a.p). Its 

wall consists of eight cells (Fig. 13S.a), each of which 

is termed a shield. On the inner surface of each shield, 

is attached a cylindrical cell, the manubrium (Fig. 

IBS' a. in), which extends to near the centre of the 

antheridium. Each manubrium bears at the end a 

somewhat spherical cell called the capitulum* To each 

capitulurn are attached usually six rounded cells, the 

secondary capituh . Connected with each secondary 

capitnluin are two cells, each of which bears a pair of 

long filaments , each filament consisting of about two 

hundred cells. Each cell of the filament gives rise to a 

single spermaiozoid which consists of a club-shaped 
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r— Magnified view of a portion of a leaf hearing nnt Iwridimn 
{a) and oogonium (oh). The antherhlmm (a) jm borne ail a stalk- 
cell (p| which is situated on a nodal cell (mi), the manubrium (m) 
is situated inside the autheridiun]. The oogonium (oh) is situated 
on a nodal cell (no), and an internod a! st&lk«cett (pa) ; the corona 
(c) of the oogonium. 
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spirally wound mass of protoplasm bearing two long 
‘■cilia at its pointed end. When the antheridium is 
mature the shields separate, the spermatozoids are 
set free from their mother-cells and escape into the 
water. The oogonium or nucule (female, Fig, 138, ob) 
is of ellipsoidal form. Beneath the oogomumis a node 
the central cell of which cons- 
titutes the stalk (Fig. 138. pa) 
whilst the five peripheral cells of 
the node grow out into fila- 
ments which gradually become 
spirally twisted and enclose the 
oogonium ; the tips of those a J* 

filaments project at the free 
end of the oogonium, constitu- 
ting the corona or crown (Fig. 

138. c). The five enveloping 
tubes are rich in chlorophyll and 
form the neck which encloses a 
narrow cavity, the apical cavity, 
which is closed above by the 
crown. The female cell, oosphere , 
lies within the cavity of the 
oogonium. At the time of fer- 
tilisation, five lateral fissures 
appear between the neck por- 
tion of the five tubes and thus 
an opening is made to the out 
side ; through these fissures the 
spermatozoids find an entrance 
into the apical cavity which is Apical portion of the 
filled with a mucilaginous mat- rooS £j 

ter, and make their way to the tmd pr i mary root of 
oosphere. One of the sperma- embryo (r) springing 
tozoids unites with the oosp- from the oospore, 
here ; the product of union is known as the oospom 
which clothes itself with a wall of cellulose. The 
chlorophyll-corpuscles of the five enveloping tubes 
assume a reddish-yellow colour and the walls of the 
enveloping tubes adjacent to the oosphere assume a 
Mack colour. The oospore then falls to the ; ground 
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to germinate in the ensuing autumn or in the next 
spring. ‘The oospore, on germination, does not 
produce a sexual leafy plant at once. It divides 
into two cells, one large called the basal cell and 
one small called the nodal cell. The basal cell contains 
reserve food material and the nodal cell divides into 
two cells, each of which develops into a tube. One 
of these tubes is the so-called primary or main root ( Pig. 
139. r) and the other the pro-embryo (Fig. 139. 
ap & 1), from which the plant is subsequently 
formed. 


Type : FOCUS (Brown Algae) 


Habitat: Facets vesiculosus grows on rocks between 
the tide marks. Morphological structure : The body 
of the plant contains air-bladders Wig. MO A. b) which 
enable it to float and which explode when the plant 
is trodden upon. The body of the plant consists of 
a rooting portion known as a hold-fasl (Fig. 140 R. 
h), an irregular flattened disc which secures it most 
firmly to the rock but which is not a root for it has 
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no absorp- 
tive function. 
There is a 
stem-like por- 
tion which is 
more or less 
cvlindr i c a 1. 
The greater 
part of the 
plant consists 
of a flattened, 
much bran- 
ched thallus, 
the midribs of 
the branches 
being stronly 
marked. The 
“stem” is for- 
med by the 
midrib of the 
lower part, 
the wings 
having be- 
come worn off". 
The branching 
is dichotomous 
(Fig. 140. A), 
though at 
each forking 
there is a ten- 
dency for one 
branch to be- 
come more 
strongly deve- 
loped than the 
other. The 
whole surface, 
except that of 
the midribs, is 
covered by a 
number of 
dots. These 



Fig. 140. Facus. 

A— Plant showing dichotomous branching ;; 
air-bladders (b) ; pit (p) .at the growing- 
point ; swollen tips with the sunken cavi- 
ties known as conceptaclcs (t) which con- 
tain the sexual organs . 

B— Base of the plant with the hold-fast (h). 
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are the mouths of small cavities lined and fringed 
with hairs. These markings are specially well deve- 
loped towards the ends of certain branches, which are 
frequently swollen. These swollen branches are the 
fertile branches, the more conspicuous dots leading 
to the fertile conceptacles containing sexual organs 
(Fig.T40 A. r) in addition to the hairs which are also 
found in the smaller “sterile conceptacles”. The 
growing-point lies in a groove (Fig. 1+0 A. p) near the 
ends of the branches. Reproduction; Tine male anil 
female organs occur on different plants of the same 
species ; they are borne in the same conceptacle. The 
conceptacles appear to originate as depressions on the 
surface of the thallus. A section through a male 
conceptacle shows the following structures— Numer- 
ous much branched hairs proceed from the lining of the 
conceptacle. Hairs are also found at the small entr- 
ance to the conceptacle. The male reproductive 
organs, the arttheridia (Fig. 141. D), are borne on the 
branches of the hairs lining the cavity of the concep- 
tacle. Each antheridium is unicellular, with a double- 
layered wall. As it ripens, its contents divide up 
into a number of portions, each containing one or 
two orange-coloured chromatophores. The hairs ot 
the conceptacle excrete a mucilage. 

When the tide goes out, and the plants are left 
exposed, the mucilage exudes from the opening _ of 
the conceptacle as an orange-coloured mass, which 
carries with it the antheridia. The outer layer of 
the wall of the antheridium bursts as the tide comes 
in and the spermatozoids (Fig. 141 E.) are set free 
by the rupture of the inner wall. Each spermatozoid 
has two unequal cilia placed laterally, the shorter 
one being nearer the pointed end. The spermatozoids 
swim freely in the rising tide. A section through a 
female conceptacle shows a number of female organs 
(oogonia) between which there are a number of sterile 
hairs known as paraphyses (Fig. 141 A & B). A 
mature oogonium contains eight oospheres (female 
cells). The oogonium is set free from its unicellular 
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Fig. 141. Facas. 

A— Section of a«* female concept mk with oogotda^showmg.thjt 
hairs which project through the opening into the water and the 
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lo* «l-wortol m~M. 

Mature oogomnm. t.—Tne _“/*£} rlinan the branching filaments 
oogonium. D— A group o! nnthend a ^ ^ ^ w 

which grow intufts over with two rife 

^^ P-A«^Sk fr/e in the water and surround- 

- -ed by spormatozoids. 



stalk, atul like the . antherohu n, ^ Kfc ot m th ^ 
drop of mucilage through the mouth ni ;! 
female conceptacle. The wall of the g 

gtfcie^hi 

si m ‘ s s n ^s^"idir n a isssft? ^ 

chemical substance, swarm round the oosphercs 
(Fig. 141 .F) and the lashing movement of their uha 
cimes the oospheres to rotate. This goes on for 
about a quarter of an hour and then the oosphere 
unites with one of the spermatozoids and tomes to 
rest * The product of union is known as oospore which 
clothes itsSf with a wall and almost at once begins 
to germinate. The end by which .1^ ,, n a j s 

attached to the rock becomes pear-shaped, and • 

separated off from the rest by !l , t ™fX > "rooting 
soon becomes branched, and forms the rooting 
portion (hold-fast). The remainder of the °osp >rt 
grows directly into the shoot of the young rams 

plant. 


Class. Rhodophyceae. 

Type : POLYSiPHONIA ^ed Algae). 


Habitat : The Red Algae prefer warmer waters mui 
are abundant on the coasts of the Mutitu rancan, 
the islands of the West Indies, bouthem 
and Australia. They generally flourish J" d S L g; 
waters than the green and Algae som C of the 

forms are found at depths of two honored teeto. 
more. Most of the Red Algae seem to prefer shaded 
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'Situations among the rocks and some types are in- 
crusted with lime and form the curious growths on 
rocks called corallines* Microscopic structure : The 
body of these plants consists of rows of cells, called 
siphons , connected with one another in an elaborate 
manner. The sexual organs are developed on separate 
plants. The male organs, antheridia (Fig. 142 A), are 
modified branches that develop an outer covering 



Fig. 142. Poly siphon! a. 

A — Tip of filament showing two antheridia (a); S— Cross sec- 
tion of a portion oi an antheridmm illustrating the development 
of the spcrmatia at the ends of the very numerous short branches ; 
C — A procarp with the projecting trichogyne (t) from the female 
cell (carpogonium) which is hidden by the surrounding sterile cells; 
0 — Mature cystocarp with an envelope enclosing a cluster of 
eatpospores ; G—A carpospore ; E— A short branch from a 
tetrasporic plant ; F —Two groups of tetraspores from a plant 
similar to E ; note the peculiar arrangement of the tetraspores* a 
afgronp of four or tetrad. 
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of small cells which form the male cells known as 
seemtatia (Fig. 342. 8). The female organ, procarp- 
(Fie. 142. C), is found on a small branch and con- 
sists of a basal portion known as the carpogonium 
and an upper portion known as the inchcgyne 
142 C.t), accompanied by a number of % c a tu t 
cells. One of the spermatia unites with the tr Ujo- 
gvne (Fig. 142 C.t) and thus the carpogonium is 
fertilised. The fertilised carpogonium is known as 
a cystocarp. There are two sets of actnities con- 
cerned with the development of the cystocarp . <l) 
the neighbouring cells, known as the auxiliary cells, 
unite with the fertilised carpogonium and hU PP 1 7 
nourishment to it ; then certain spores, _ f iu 

carpospores, are developed within the fertihsecluirpo- 
gomum ; (2) some vegetative cells «>“ n earp> 
gonium give rise to an envelope which protects tne 
carpospores (Fig. 142. D & Gi. The cystocarp ol 

Polysfphonte is therefore a system of two tissues, one 
derived from the fertilised carpogonium and the 
other from the vegetative cells of the P^t plant. 
Besides the sexual plants (male and female) there is 
an asexual condition in Polystphonia called the tetraspcnc 
llSl Fig. 142 E). Tetrasporic plants are individuals 
which develop asexual spores, called etraspores, m 
groups of four termed tetrads (log. 14-. l )■ . l m 
tetraspore-mothcr-cclls arise from the central siphon 
near the ends of the branches, home lcccnt iin esti 
gations clearly indicate that the tetrasponc 
are developed from carpospores and that the tttr ‘^- 
pores develop into sexual plants. b<> “H-rc 
alternation of sexual and tetrasporic plants m the 
history of Polysiphonia. 

FUNGI. 

Class, SCWIOMYCETES or Bacteria. 

Geomi Ascription: The bacteria are thesmalle^ 
living beings known. The single cells of man^ «ku» 
less than one ten thousaJH&th of *moi meto 



diameter and some are very much smaller stilh 
Most of the 

bacteria are * 

one-celted. Some 

types are sphe- J 5,0 1| * 

rieal or oval ^ ^ /> / ' • e 

(Coccus form, \ f /f f - 

Fig. 143. 5, 6 \ ^ / f . \ »• 

& 7) , some are & <. ****** hi II s:jj!3$i? 

straight or I \ 3 f \fl | | ^|g§? 

slightly bent ^ $ | " | 

rods ( Bacterium I I 

form. Fig. 143. ' « " i 

2), some are of ^ . 

spirally twist- F, «- 143 ' detenu. • 

erl forms of 1 — Surcijma f 2 Bctctcriu ,* 3 Spirills. t 4? 
■p-irimnsIpno+ViQ Spirillum showing cilia ;5. 6. 7 — Micrococci 
/o . ? th in strings, singly and in groups. 

(Spirillum form, ' m ..... .^. . 

Fig. 143. 3 & 4), some are straight free filaments 
(Bacillus form. Fig. 143. right to 3), or the indivi- 
duals may form cubical masses ( Ssrctnae, Fig. 143. 1). 
The bacteria are present almost everywhere floating 
in the air on particles of dust, in the water, in the 
soil, and always living within and upon the bodies 
of animals. Some forms are restricted to a parasitic 
life on particular hosts, as certain animals or plants 
or man. Other types are connected with special 
chemical reactions, as in the processes of fermentation, 
nitrification etc. Many bacteria are indispensable 
to life on the earth and of the greatest service to 
man. Many forms are harmless, but of no special 
value to man. Some cause dangerous contagious 
diseases e. g. diphtheria, typhoid fever, tuberculosis, 
cholera, pneumonia, influenza etc. Microscopic Struc- 
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often form bright coloured spots on decaying; 
.material. It is 'not certain whether they contain a 
nucleus . There appear to be one or more bodies 
•which take up nuclear stains; these “chromatin 
grains” may represent a rudimentary nucleus. # One 
or more <vacaoles may sometimes be distinguished. 
Many forms of bacteria are capable of movement. 
The movement may be merely an oscillatory one 
due to the action of the whole cell, or it may be due 
to the action of cilia (Fig. 143. 4). There may be 
one or two cilia, or the whole surface may be more 
or less clothed with these threads, which in many 
eases seem to be prolongations of the wall, and not 
portions of the protoplasm. Reproduction; Ida- 
most common mode of reproduction is by simply 
spill ting apart; each cell splits into two. Many 
bacteria also reproduce themselves by developing 
’ thick- walled resting cells, or spores $ within the 
parent cell* which can survive a temperature 
above the boiling-point of water and also below 
freezing, and are able to live for very long periods. 
Typical life-history of a form of Bacteria e. g. Bacillus 
subtiUs : This form can be seen in infusions of hay 
'< when allowed to stand, . At first the organisms 
‘ move actively by means of .cilia {motile form ; after 
this the cells cease to be motile and remain connected 
into filaments {bacillus form ; then a membraneous 
: scum forms on the surface of the liquid (zooghea 
form) ; at this stage spore- formation begins and the 
life-cycle is at an end. The spore gives 1 isc\ on germi- 
nation, to the motile, form and so the life-cycle is 
repeated. 



Class: MYXOMYCETES. 

Habitat t These organisms are mostly saprophytes 
living on decaying' organic substances, such as 
decaying leaves, tree stamps etc. General Description: 




The Myxomycetes are divided into two groups — 
Endosporae * and Bxosporae. # In the Endosporae* 
the spores are found within the wall of the 
sporangium. In the Ezospor ae, the spores are not 
found in the interior of the sporangium, but by 
abstriction from the ends of filaments developed 
from the surface of the stalk' of the sporangium. 
Microscopic Structure: There are generally four 
stages in the life-histories of the Myxomyeetes. 
The stages are — (1) Mastigopod stage , (2) Myxopodt 
or Amoeboid stage, (3) Plasmodium stage 1 and (4) 
Spore- format ion~stage* In the Mastigopod stage, the 
contents of each spore escape, on germination, as a 
zoospore which is a naked mass of protoplasm 
provided with a cilium and enclosing a nucleus and 


Fig. 144. Myxomyeetes , 

A — Plasmodium ; B— A Sporangium on a stalk ( sporophore ) ; 
C— A Sporangium after the rapture of its wall (p) and expansion 
of the capiUitmm (ep). 


t 



* 

I ■ j 

m - f 


( 340 ) 

a contractile vacuole. In this stage, each cell multi- 
plies by division. In the Myxopod or Amoeboid stage, 
each zoospore, after swimming about for sometime, 
withdraws its cilium and creeps about by means of 
temporary protrusions of its protopias*m termed 
pgeudopodia. In this stage also, multiplication by 
division takes place. In the Plasmodium stage, the 
masses of protoplasm ( amoebae ) iormecl in the 
Myxopod stage collect together into a mass known 
as" the plasmodium (Fig. 144) but there is no fusion 
of the nuclei of the constituent masses of protoplasm 
so that the plasmodium is multinucleate. The plas- 
modium creeps about by means of pseudopodia 
(temporary protrusions of its protoplasm) until 
spore-formation begins. In the Spore-formation stage, 
the plasmodium comes to rest and forms either a 
single sporangium (Fig. 144 B) or divides into 
several portions each of which forms a sporangium. 
The external portion of the mass of protoplasm 
hardens to form the wall of the sporangium while 
the internal portion after rapid nuclear division, 
separates into cells each of which produces a proper 
wall and becomes a spore . in many cases, the 
sporangium has a stalk known as the sporophore 
which is sometimes continued into the cavity of 
the sporangium as the columella. In most forms, 
a portion of the internal protoplasm goes to form 
a number of filaments, either free or connected into 
a network, which constitute the capiltitinm (Fig. 
144C. cp). The sporangium- wall and capillitium 
give the reactions of cuticularised cell-wall. 

Kgc Uncommon forms, 

(1) In some forms, a compound sporangium,, 
termed JEthalium, is formed by the combination 
of a number of plasm odia. 

(2) In some forms, the raastigopod stage is 
wanting, the spores directly passing into the 
amoeboid or myxopod stage during which a number 
of amoebae are produced . 
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(3) The mastigopods or the amoebae may, 
without producing the plasmodium, surround them- 
selves with a wall and go through a resting stage 
as microcysts ; or the whole or part of a plasmodium 
may do the same as a sclerotium. 


Class : Phyeomyeetes. 

Sub-Class : Zygomycetes. 

Type : MUCOr <c. U. 1909, 1910, 1918). 

Habitat. Mucor mucedo is a saprophytic fungus 
which grows on substances like ripe fruit, jam, bread 
etc. when kept warm and clamp. Microscopic 
Structure j The body of the plant consists of a much 
branched tube without any cross-wall or with a 
few irregular ones ; the net-work of branched tubes 
is known as the mycelium (Fig. 14-5 & 146 m.i and 
-each tube is called a hypha. The hyphae contain pro- 
toplasm, a large number oi nuclei, vacuoles and oil- 
globules. Asexual Reproduction : Some hypha; grow 
vertically up in the air from the mycelium and 
look like small round-headed pins which are called 
the sporangia (Fig. 145 & 146. s). Each sporangium 
is a swelling at the tip of a hypha cut off from the 
rest of the mycelium by a wall which subsequently 
projects into the sporangium, forming what is known 
as the columella (Fig. 145 & 146 c). The lower 
portion of the hypha upon which the sporangium 
is situated is known as the sporangiophore (Fig. 145 
& 146. 1). The contents of the sporangium become 
divided into a large number of multinucleate 
masses of protoplasm which become subsequently 
clothed with cell-walls and are then known as the 
spores (Fig. 145 & 146. spj. The wall of the sporan- 
gium bursts and the spores are then set free from the 
sporangium. The remains of the wall of the sporan- 
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collar . Each spore , on falling to a suitable subs- 
tance, may germinate and give rise to a fresh 
mycelium* Sexual Reproduction : When the supply 
of nutritive material is poor, the plant reproduces 
itself sexually. At the time of sexual reproduction, 
the ends of two hyphse become swollen and come in 
contact with each other; each swollen end of a hypba 
is a gametangmm (Fig. 145)* The contents of the 
swollen ends are then cut off by walls and unite 
into a single protoplasmic mass by the degeneration 
of the walls at the point of contact (Fig. 145). 
The structure thus formed is called a zygospore 
(Fig. 145 & 146. z) which, on germination, gives 
rise to a hypha which may at once develop a sporan- 
gium (Pig. 145) or the hypha may once branch before 
it does so but it never forms a network of mycelium 
like that produced from a spore. « 

Torula form of Mucor : If Mucor is grown in a 
sugary liquid, the hyphas become divided up into a 
number of parts by walls. Each of these parts, oh 
germination, may either produce a mycelium or like 
the yeast plant is capable of budding and producing 
alcoholic fermentation. This form of Mucor is 
known as the Torah form. Sometimes the separate 
cells are large and thick-walled, when they are 
known as Chlamyd o spores. 

Inter* Questions on “Mucor” from 1909-22. 

1. Describe any fungus known to you. (C. U. 1909). 

2. Describe Mxicor in detail (C, U. 1910). 

3. Give an account of the life-history, with special reference to 
the mode of reproduction, of any fungus you have examined. 
<€. V. 1918). 
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Sub-Class : Qomycetes. 

Types: PHYTOPHTHORA & PYTHIUM. 



Habitats Phytophthora infestam is a parasitic 
fun gas which causes the potato disease* Microscopic 
Structure: The hyphae (Fig. 147. b) of this fungus 
usually branch between^ the cells of the host plant, 
sending hailstorm (Fig. 147. a) into their interior, 
and thus absorbing their nutritive juices. Asexual 
reproduction ; The mycelium 
of this fungus which is deve- 

loped inside the tissues of I 

the host, sends out hyphae 2 y 

through the stomata of the h °r f \o 

leaves and these hyphae bear 

gonidangm (Fig. 148. A) at K |r^L £ 

their apices. In wet w’eather, it&Jjt 

each gonidangium gives rise j° 

to several bid Hate zoogo- h Si !c^ 

nidia. Each zoogonidium, ft M fp" ■ 

on coming to rest, gives 

rise to a mycelium which r” c J;i /F - 

penetrates the tissues of c jsi> ^1/* 

another leaf. The gonidan- ! ' 

gium may also germinate 

directly without undergoing 

division and forming zoogo- ... 

nidia. Sexual Reproduction : ^ W- fhytophthnra. 

Sexual reproductive organs ■ Iff *, ee !^ ( ^| )0tato t }hint 


op/ f ff h 

Cf^r^/A 

Jho 

c 1 |«J 


147 . PhvujphtJiorn. 

cells of potato plant 
tested with PhvtovhtJmrn. 


ivmwuuiK S2JCX&UTIS 7'V „r 7 ^ 

have not as yet been observed ( w running ' 

in Phytophthora ivfestans. the cells and s.-nding &,««- 
The sexual reproduction of (m into the interior, 
this group is best seen in a species known as the 
rythiom de Baryanum. This fungus is the cause of 
the disease known as the “ damping off” of Cress 
seedlings. It begins its growth as Vi parasite and 
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•subsequently lives as a sapro- 
phyte on the dead seedlings. The § gr 

fungus makes its way through \ 

the cells (Fig, 149, pa) ol the host ; 
plant by means -of the ferments w 1 / ^ 
which it excretes. Asexual re- f \ ^ 

production of this vSpecies agree v s Jk I 
mainly with that of Phyioph - j 

thorn. Sexual Reproduction: When §J ]| r 

its food supply is running short 1 y 
and conditions are generally not \l Jf 
favourable to development, Py- I 

thium resorts to sexual repro- i; If ** 

duction. The female sexual organ, f | 

called the oogonium* is formed 1 I . s X 
in this way— Terminal (Fig, 149A. | ;l Ne/r 

to) or intercalary (Fig. 149A. io) | || 

•swellings arise on some of the |i ? ’ j 

hyphae. Each of these swellings 

becomes cut off by a wall and 

from a part of its protoplasm, the 

female cell called the oosphere (Fig, r i * 

149 A & B. os) is formed, while 
the remaining portion . of the ^ ‘ r; ~ 

contents of oogonium forms a peri- r ,. . . ' , 

pheral layer .known as the 

plasm (Fig. 149 A & B. pp). , A ~T hli «. wnida, ’f a 

Vi i ? • , 1 , F/ termed on loas tila- 

1 hough the oogonium contains mc nts which grow out 
a; large number of nuclei, only from the interior of the ■ 
one of these is retained in the Potato leaf through the 
oosphere, the rest remaining in ®tomata; B— The flf-ye- 
the periplasm. Generally on the “ 

same hypha, just below the single zoogonidium is 
oogonium, the male sexual organ, shown at ihe right, 
called the pollinodium (Fig. 149 A& B. a), arises. It 
is a much thinner branch than that which forms the 
oogonium, and, like it, is cut off by a transverse 
walk It grows toward the oogonium until it comes 
in contact with its wall. Its contents become 
differentiated into a central portion, which is the 
male gamete, and periplasm. A short tube is put 



Fig. 149. Pythinm. 

A-dLougituditial section . of a Cress seedling attacked by 
.Pythiutn ; hvpha fh) of the fungus developed inside the parenchy- 
matous cells (pa) of the seedling ; female sexual organ* oogonium ^ 
containing female cell, oosphcre (os), and periplasm (pp) ; 
male sexual organ, pollinodium (a) ; terminal (to) development of 
the oogonium ; intercalary (io) development of the oogonium. 

B — Magnified view of the oogonium containing oosphere (os) 
and periplasm (pp) ; pollinodium (a). 

out by it, which pierces the wall of the oogonium 
and makes its way down to the oosphcre. The tip 
of this short tube then opens, and the male gamete 
the pollinodium passes down the tube and unites 
with the oosphere. The oospore produced as the 
result of this fertilisation, forms a thick wall, the 
outer layers of which appear to be the remains of 
the periplasm. The oospore, on germination, may 
give rise to a new mycelium or its contents divide tip 
into a number of zoospores, each of which repro- 
duces the plant $ or again, the contents of the 
oospore may pass into a' delicate thin-walled swell- 
ing and then divide up to form zoospores. 


m mr ,m 
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Type : EUROTIUM 


Habitat : Eurotium Aspergillus glaucus grows on 
bread, jam, old boots and on such other substances. 

It is a white saprophyte, becoming green after the 
* appearance of the reproductive structures. Microsco- 

pic structure : The 
body of the plant 
is coenocvtic and 
consists of a 
much branched 
mycelium thehy- 
phae of which 
are divided at 
intervals by 

transverse walls Fig. 150; Enrotmm . 

(Fig. 150). The TG —Trichogyne : k$G—Ascogonmm ; 

mycelium con- POLL — P olliinodium. 
tains granular protoplasm, vacuoles, oil-globules 
and several nuclei. Asexual Reproduction : Numerous 
branches from the hyphse shoot up in the air ^ and 
the contents of each are separated from those of the j 
mycelium b\ r a wall. The tip of each branch swells 
and develops small elongated structures called the j 
. % siertgmaia (Fig. 150). The stalk on which the sterig- | 

■ xnafca are situated is called the contdtophore (Fig. 150L ] 

From the apex of each sterigma, a chain of conidia i» j 
formed by. abstriction. Each conidium consists of j 
a green wall, a mass of protoplasm, oil-globules 
4 * and many nuclei. The conidia are light and are 

easily borne in the air, and, falling to a suitable 
organic substance, each of them immediately germi- 
nates and produces a mycelium. Sexual Reproduction : 
Certain thin branches of the mycelium become coiled 
and each forms a multinucleate structure called the 
** archkarp (female organ), the terminal portion of 

which is called the hichogyne (Fig. 150. tg\ the 
part below, the ascogomum (Fig. 150. asg), and the ; 
makma aaoadaoa the . sfalL At a Inter stage. I 
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another branch called the poUtnodtum (male organ, 
"Fig. 150. poll) grows tip by the side of the archicarp 
and the tip of this branch ’applies itself closely to 
the trichogyne. Fertilisation is effected by the con* 
tents of the pollinodium passing into the trichogyne. 
Branches (Fig. 150. sterile hyphae) then grow 
up from the stalk of the fertilised archicarp and com- 
pletely enclose it forming an investment known as 
the perUfiecium . Meanwhile, the fertilised archicarp 
becomes divided up by a number of transverse walls 
and from each of these cells, multicellular branches 
called the ascogenous branches are produced, which 
penetrate into the cells of the investment The end 
of each ascogenous branch is cut off by a wall and 
forms unicellular sporangium called the asms* Each 
ascus is at first binucleate, these two nuclei then 
unite into one which repeatedly divides till eight 
nuclei are formed. From these eight nuclei, eight 
spores called the ascospores are formed by free-edh 
formation. The contents of the perithccium gra- 
dually degenerate and supply the a.soi with fond 
materials. The ascospores, when ripe, arc set tree 
by the bursting of the wall of the perithccium and 
each of them immediately or after a period of rest 
may give rise to the mycelium of the plant. 




Type PENICitUUM. 

* : Habitat x PenitilUum glaucum is a saprophytic fungus 

which lives on almost all organic substances, Micros- 





copic Structure : The body 
of the plant is coenocytic 

and consists of a much \ fliIMflf 

branched mycelium the 
hyphae of which are divi- 

ded at intervals by trans- W rW 

verse walls. The myce- %\ y 

limn contains granular jjj 

protoplasm, vacuoles, oil- 
globules and several nuclei* 

Asexual Reproduction : In 
the absence of air and 
light, erect branches rise 

■from the mycelium and 

long chains ot asexual x 

reproductive structures 
known as conidia , are pro- 
duced at the apex of each Fig. 151. Pe nidi limn. 
of these branches known M T Mycelmm; S— Chains of 
as contdiophores (Fig- 151). conidia. 

The conidia are scattered through the air and on 
germination, each of them produces the mycelium of 
the plant. Sexual Reproduction : Sexual reproduc- 
tion takes place very rarely in Penicillium. The 
sexual organs ot Penicillium agree in essential points 
with those of Eurotimn . Certain thin branches of the 
mycelium become coiled and each forms a multinu- 
cleate .structure called the archicarp (female organ), 
the terminal portion of which is called the trichogyne , 
the part below, the ascogonium , and the remaining 
portion forming the stalk. At a later stage, an- 
other branch called the pollinodtum (male organ) 
grows up by the side of the archicarp and the tip 
of this branch applies itself closely to the tricho- 
gyne. Fertilisation is effected by the contents of the 
pollinodium passing into the trichogyne. Branches 
then grow up from the stalk of the fertilised archi- 
carp and completely enclose it forming an investment 
known as the ptrithecium . Meanwhile the fertilised 
archicarp becomes divided tip by a number of trans- 
verse walls and from each of these cells, multicellular 
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branches called the ascogenous branches are pro- 
duced, which penetrate into the cells ot the invest- 
ment. The end of each ascogenous branch is cut off 
% a wall and forms unicellular sporangium called th« 
asms- Eachascusis at first binucleate, these two 
nuclei then unite into one which repeatedly divides 
till eight nuclei are formed . from these eight nuclei, 
eight spores called the ascospores are formed by free- 
cell-formation. The contents of the peritheeium 
gradually degenerate and supply the asci with food 
materials. The ascospores, when ripe, are set free 
by the bursting of the wall of the peritheeium and 
each of them immediately or after a period of rest 
may give rise to the mycelium of the plant. 


Type: CLAVICEPS. 




Habitat: Ctaviceps purpurea t. Ergot) is parasitic 
in the young ovaries _ of different 
members of the Gramineae, parti- -spi * — m 

cularly of Rye. Microscopic struc- 
ture: The ovaries of the flowers ® 

of such plants are infected in early M 

summer by the spores of this °~f|| 

fungus known as the ascospores. \J/ A 

Each spore germinates and gives A 

rise to a mycelium. Asexual Re- pig. xr>2. Claviceps. 
production: Erect branches, known Voting sclarotiuw 
as the gonidiophores, are deve- {<_-) growing up and 
loped from the mycelium and at supplanting the old 
the top of each gonidiophore, an sphaeelia (Split 


asexual reproductive structure, known as the gonidmm 



is formed. At the 
same time a sweet 
fluid is given out. 
This so-called , 
Honey-dew is £ 
eagerly sought by «£ 
insects and the Ji 
gonidia embedded ~ 
in it are carried to 
the ovaries of other 
plants. The goni- y 
•dial form of this 




fungus is known as Fig. 153. Ciariceps. 

the Sphacelia (Fig. Section through the j auction of the 
152 & 153). Later Sphacelia with the sderotium, showing 
in the year the the gonidia which are scattered among 

mycelium, after (B, ‘ . 

absorbing the tissue of the ovary forms tn the place 
of the ovary a hard structure known as the 
sclenotium (Fig. 152. c). The sderotium copiously 


A.—* Forticpi of the Sderotium (St) with tour Stromata (Sr). 
Ejection through a stroma showing perithecia with openings* 
ostioles , (cp). 


Fig. 154. Claviceps. 
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A — Magnified view of a section through a perithccium with the 
osiiole (cp) and contained asci ; Asci (sli) separated from 
within the perithecium. 

B — Magnified view of some asci from one of winch the 
ascospores (sp) are coming out. 

C— Magnified view of ascospores (sp). 

supplied with food material (fat), eventually falls 
to the ground, where it passes the winter and 
germinates in the following spring when the Rye is 
again in flower. Each sclerotium, on germination, 
produces a number of structures known as the 
stromata ' (Fig. 154. A). Each stroma (Fig. 154. B) 
consists of a stalked globular head on the surface 
of which are situated the openings or ostioks (Fig. 
154 cp & 155A. cp) of numerous flask-shaped 
cavities called the perithecia. Within each peri- 
thecium, a large number of sporangia known as the 
asci are developed (Fig. 155 A & sp) and teach ascus 
produces eight thread-like spores known as ascos- 
pores (Fig. 155. B. & C. sp) which are ejected and 
carried by the wind to the flowers of the Grass, 
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Type : YEUST * (C.u. 1914, 1916, 1920). 

Habitat: The yeast plant is a saprophytic fungus 
which, when developed in a sugar solution, is capable 
of converting sugar into alcohol 
and carbon dioxide gas . Microscopic 
structure s Each plant consists of 
a wat{ enclosing a mass of proto- 
plasm in which occur a well-mark- 
ed •vacuole t a number of oil- 
globules and a structure resembl- 
ing nucleus . 

Reproduction : Reproduction 

takes place in the presence of a 
fairly high temperature and nu- 
trient solution. Each plant re- 
produces itself by producing a A-Several 'veastpUtt- 
bud which lives as an indepen- ts some of which have 
dent plant after being detached produced buds, 
from the parent plant ; this mode B— Yeast plant which 
of reproduction is known as baa - has developed four as- 
ding, gemmation or pullulation (Fig cos P ores - 
156. A). Sometimes a chain of buds is at first pro- 
duced by the repeated division of cells but subse- 
quently the buds become isolated from one another. 

Uncommon forms of reproduction. 

If the supply of food materials is insufficient or 
if other conditions of living are unfavourable, the 
Yeast plant usually divides into four (sometimes eight 
or less than four) parts and thus four bodies called 
ascospores l Fig. 156. B) are formed. The ascospores 
are set free by the bursting of the wall of the parent 
cell and when favourable conditions of existence 
return, each of them reproduces itself by budding. 

A form of sexual reproduction has been observed in 
one species of Yeast. Two cells lying close to each 
other put out short beak-like processes which ulti- 
mately unite with each other. The contents of these 
processes then unite and thus apparently true con- 
jugaHm takes place, the nuclei uniting together. The 
23 . . 
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product of conjugation is the zygospore which, after a 
period of rest, germinates and gives rise to spores in 
its interior. 

Inter. Questions on "Yeast" from 1909—22. 

1. What is Yeast ? Describe its structure, life-history and 
mode of multiplication. (C. U. 1914, 1920). 

2. How does the Yeast plant differ from a higher plant as re- 
gards its structure, genera! mode of life and reproduction ? (C. U. 
1916). 



Ans. Higher plants are multicellular, Yeast is unicellular. Higher 
plants normally reproduce themselves asexually, sexually and 
sometimes vegetatively but the normal mode of reproduction of 
the Yeast plant is vegetative ; in exceptional cases, the Yeast plant 
itself asexually or sexually. Higher plants generally 
Iding up complex substances from simpler ones through 
of chloroplastids in light, but the Yeast plant is a fungus 
«p alcoholic fermentation and obtains nourishment by 

Aeeidiomyeetes. 

• PUCGINIA. 

Habitat: Puccinia gramtnts is a parasitic fungus 
which is also known as the “ Rust of Wheat/' It 
inhabits two host plants (e. g. Grass & Barberry) 


Fig 157. Pucci nia. 

A - Section of Grass leaf infested with Pttccinia gramims show- 
ing the uredospores (ur) ^bursting through the epidermis of the 



,r *el€uto$povc (t) germinating and producing a promt 
cehttm with sporidia <Sp). 

C-Section of a straw showing the epidermis (o), parenchima- 
tous cells (ft) beneath the epidermis, teleatospores (t) bursting 
through the epidermis. 


Kg- 138- Fig. 159. 

Fig. 158— Group of three uredospores and one teletit 
ft) springing from the mycelium (sh). 

Fig. 159— Section through a leaf of the Barberry infested 
with Puceinia, showing the epidermis (o) of the upper surface of 
leaf and spermogonia. (Sp). Lower surface of leaf contains a 
layer of cells constituting the peridiam (P) surrounding uccidium 
(a) bearing accidiospores. 

in the different stages of its existence. Microscopic 
structure : Daring the summer, spores, known as the 
accidiospores, germinate on the surface of the stem 
and leaf of Wheat and other Grasses and produce an 
incompletely septate mycelium which penetrates 
through the passage of the stomata and sends 
haustoria into the parenchymatous cells of the plant.' 
Each aecidiospore has two nuclei. The mycelium 
developed from the germination of an aecidiospore 
produces patches of gonidia known as the uredogo- 
nidia or uredospores (Fig. 157A, hr), each borne upon 
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a short stalk and containing two nuclei. The ure- 
dosoores develop beneath the epidermis ot the host 
nlant and being of a vellow or reddish colour, give 
the nart a Sj appearance ; hence this fungus is 
Sown i tte “Kit of Wheat ” The urodonpores 
•ire scattered on the rupture of the epidermis and 
germinate in a few hours on the surface ot other 
grass plants, and on these plants only they develop 
new myeelia, which again produce masses ot nredoj 
pores in from six to ten days. While the fungus 1 
its “uredo-form” thus produces many generations of 

plants in a summer on the grass plants, the forma- 
tion of a new form of gonidium (teleutogomdium or 
teleutospore, Fig. 157 C.t) commences towards the 
end of the summer in the older clusters of uredos- 
nores (Fig. 158.t). Generally, the teleutospores occur 
two together upon a single stalk developed by te 
side of the roundish unicellular uredospores 

(Fig 158 .t). Soon the formation of uredos- 
Bores ceases altogether and the teleutospores only 
are henceforth produced. The teleutospores remain 
in a resting state on the grass-stems during the 
winter and germinate in the spring. On germination, 
one or both of teleutospores produces a small struc- 
ture known as the promycelium (Fig. loT.B) winch 
is usually of four cells. Each cell puts out a small 
stalk (gonidiophore) from which a small gonidium^ 
| called a sporidium (Fig. 157 B.sp), is produced. Each 
" sporidium is a very small tliin-walled structure 
which is easily carried by the wind. It is incapable 
of developing a mycelium upon the Grass but if it 
falls upon a leaf of the Barberry* it germinates, send- 
ing a hypha through the epidermis, instead of pene- 
trating a stoma like the uredogonidium. The myce- 
lium developed from this hypha forms a dense net- 
work in the intercellular spaces of the leaf. On the 
upper and lower surface of a leaf of the Barberry , 
yellowish swollen spots are found in the spring. 
The swollen spots on the upper surface of the leaf 
contain spermogonia (Fig. 159. sp) which make their 
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appearance somewhat earlier than the aecidia (Fig. 
159. a) occurring in the swollen spots on the lower 
surface of the leaf. The spermogonium (Fig. 159. sp) 
is a flask-shaped structure. Hair-like filaments line 
the cavity of the spermogonium and bursting 
through the epidermis of the leaf, project like a 
brush beyond the mouth of the spermogonium. The 
bottom of the spermogonium is covered with short 
hyphae, at the extremities of which a number of 
L r spore-like bodies are formed ; these spore-like bodies 

are known as the spermatia. The part played by the 
spermatia in the further development of the Fungus l 
is not known. The spermatia may be regarded as ; 
functionless male cells. At a later period , the aecidia 
(Fig. 159.a) make their appearance, usually on the 
underside of the leaves. They lie at first beneath the 
epidermis of the leaf, forming tuber-like bodies en- j 
closed in an envelope of delicate hyphae. In the 
mature state, the a ecidium ruptures the epidermis of 
the leaf and forms an open cup, the wall (peridktm 
j Fig. 159. P) of which is produced from the hypbal 

branches at the bottom of the cup from which [:| 
Y* numerous closely associated chains of spores {aeci~ 

diospores) axe formed. Each aecidiospore possesses 
two nuclei. The aecidiospores, thus produced on 
the leaves of the Barberry, develop a mycelium only j j 
when they germinate on the surface of the leaf or jj 
stem of a grass plant like Wheat. j ! 


! 
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Class : Basidiomycetes. 

Type : AOMIGUS. 

Habitat : The plant, which is popularly known 
as the Mushroom, is a saprophytic fungus which 
grows on meadow, damp-wood and such other 
places and substances. 


< 
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Fig. 160. Fructification of Mushroom . 

Left Fig. Shows Pile us, Gills and Stipe. 

Right Fig. Shows Mycelium (m) ; Annulus (ty is the remain- 
ing portion of the ruptured velum a portion ol which is attached , 
Gills or Lamellae (1) ; Piknsih). 

Microscopic Structure t the body {mycelium* Right 
Fig. 160.m) of the plant lies almost totally embed- 
ded in the substratum and is composed of a much- 
branched tube-like structure which is divided into 
many parts by walls. Each of the.se parts con t a ns# 
protoplasm , many nuclei , vacuole and oil glohmles 
Asexual reproduction t The part of the plant which 
is seen above ground is the asexual reproductive 
structure which consists of a stalk, known as the 



stipe (Left Fig. 160), bear- 
ing at its apex a large « / 

circular, somewhat urn- \ h* 
brella-sbaped expansion V Y . A 
known ^ as the pileus \ 

(Fig. 1(30 Left, and VlllflftM 

Right, h). On the under- if] |||.|| q 

side of the pileus, there ii ®1 jI 

are a number of plates of ”J fjjl i f 

tissue known as the gii/s i ^ §rk 

(Right Fig. 160. 1) or W&K t M 
lamellae most of which jOfeli 

radiate from the stipe to - ^iw§SM 

the edge of the pileus. 

Towards the upper end of 3 h 
the stipe, there is a ring of \ rrnj f 

tissue know u as the amm- Mm Jf 

his (Right Fig. 160.a) 

which is the remaining 111 

portion of a membrane 

known as the velum . At 1 

one • time, • the velum ex- ^ ml 

tended from the stipe to Ml 

the margin of the pileus 

and thus protected the * c 

gills or lamellae. A trans- \ 

verse section of a gill \j 

shows that it consists of 

a central mass Of inter- Fig. iGl. Section through n 

woven hvphae known as A ol [ Mushroom. 

fbp frtrmW i Pier 1 61 P> fj A— Section o / the pileus showing 
tne tram a (tig, lOl hS.l . himclIacK B _ Section of a larael- 

As the hvphae approach j a niore highly magnified show- 
the surface of the lamella, ing trnma (f) and hymenium 
the cells become shorter, te)* C--A portion ot the lamcb 
The terminal cells of the (Ti 

hyphae constitute the hy- parapbysi <t), basidium <h}’, 
menial layer or hymenium and basidiospore (g). 
<Fig.l61*C.h) which consists of somewhat elongated 
club-shaped cells, some of which bear spores and are 
termed basidia, whilst others are sterile and are 
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. ij; V termed paraphyses (Fig. 161 C. t). Each basidiuna 

. •* i ';i v. develops at its apex .2 to 4 rod-like structures, the 

sterigmata , and at the apex of each sterigma a 
single spore (Fig. 161 C.g) is formed. These spores 
are termed basidiospores. Beneath the hy menial 
layer, there is a layer of very short cells ; this layer 
] is known as the sub-hvmenial layer (Fig. 161 C.j). 

Each basidiospore possesses two nuclei and each, on 
C being detached from the sterigma, germinates and 

* develops the mycelium of a new Agaricus campestris 

i (Mushroom). 

o — — 

Sub-division : LICHENS. 

General description and Microscopic structure : A 
lichen is not a single plant, but is made up of two 
plants, an Alga and a Fungus, growing together for 
mutual advantage. The lichens furnish a most 
interesting example of symbiosis ( syn , together ; bio f 
life). The Alga and the Fungus co-operate, with the 
result that the two-fold organism can often live in 
situations uninhabited by either alone or by any 
other form of vegetation. The Fungus derives its 
nourishment saprophytically from the organic matter 
produced by the assimilation of the Alga through 
its green colouring matter; it can also send harts- 
toria into the Algal cells and so exhaust their con- 
tents. The Alga receives from the Fungus inorganic 
substances also. The Alga may be unicellular or 
filamentous and may belong either to the Cyano- 
phyceae or to the Chlorophyeeae ; the Fungus be- 
longs chiefly to the Ascomycetes, more rarely to the 
Basidiomycetes . The Alga and the Fungus of a 
Lichen can be cultivated separately, similarly, if the 
spores of the Fungus be sown among the Alga, the 
lichen may be produced. Many lichens, on drying 
up, become rather brittle without permanent injury ; 
on being moistened, they become soft and leathery. 
Thus they can survive in a very dry situation. The 
Algal cells or filament may be distributed throughout 
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the body of the lichen, when -.the lichen is said to be 
homoiomerous ; or the Algal cells may be arranged 
in a definite layer near the surface of the body of the 
lichen, when. it is 'said to be heteromerous . It may 
be generally stated that the form of the body of the 
lichen is determined in the homoiomerous Lichens 
by the Alga, in the heteromerous Lichens by the 
Fungus. In the latter case, three main forms are dis- 
tinguished — foltaceous, fraticose and crustaceans . The 
Foliaceous 1 ichens (Fig. 164) generally cover branches 
and tree-trunks in a moist atmosphere with grey 
shaggy tufts. The Fmticose Lichens (Fig. 162) form 
the picturesque yellow patches on old walls, tiles 
etc. ; in this type, the body of the Lichen adheres to 
the substratum through the greater part of its 
length. The Crustaceous Lichens (Fig. 163) often form 
various markings on old wood and the fructifications 
of which alone stand out from the substratum. A 
section of the body of one of the foliaceous lichens shows 
the following structures from the upper to the lower 
surface (Fig. 165)— (1) Upper cortical layer (o) ; (2) 
Layer of algae (g ) which are symbiotic with the fungus; 
(3) Medullary layer (m consisting of a dense strand of 
hyphae running longitudinally ; (4) Lower cortical 
layer (u) from which are developed root-like struc- 
tures called rhtzines (r) consisting of strands of inter- 
woven hyphae. 

Reproduction : The reproductive organs of lichens 
are always produced by the fungal constituent , In 
a few cases only, sexual reproduction takes place. 
The female organ, the carpogonium , is a multicellular 
filament of which the lower part is coiled (cf. Euro- 
Hum p 347), and the upper part projects above the 
surface of the body of the lichen as the trichogyne . 
The male cells ( spermatia ) are developed in cavities 
(spermogontd) on the body of the lichen. The sperma* 
tia are abstracted from hairs which line the spermo* 
gonium. The spermatia are very small and so, 
though non-mottle , they get carried by water to the 
trichogyne* They become attached to the tip of the 
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Fig. 162. Fruticose Lichens. 
Fruticose Lichens (A,B & C) wiHi 


Fig*. 163. Crustaceans Lichens, 
163. Crmtaccom Lichens { A, B & C). ' 
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Fig. 164. Foliaceous Lichen. Fig. 165. Section of aFoliaceo us Lichen 
Fig. 164. Foli act otis Lichen bearing apothecia (s). 

Fig. 105. Transverse section of a . ' Foliaceous Lichen showing 
cortex of the upper surface (o) ; algal cells (g) ; the hjphae of the 
fungus forming the medullary layer (in ) cortex 'of the under 
surface fu) ; root-like outgrowths, rhhines (r), of the under sur- 
face. , " 

trichog 3 r ne and the contents of the spermatium 
pass into the trichogyne and fertilise the carpogo- 
nium. The result of this fertilisation is the forma- 
tion of a very complicated fructification known as 
an apothedum (Fig. 164. s). This consists of a flat cup 
containing (11 asd (Pig- 166. As) formed at the ends 
of branches which grow out of the coiled part of 
the fertilised carpogonium, and (2) sterile cells, 

( paraphyses , Fig. 166.P) arising from the branches 
which spring from below the coil. Generally eight 
ascospores are developed within each club-shaped \ 
ascus. When the ascospores are ripe* the para- " 








Fig. 166. Ascas of a Folmd^ns JJehen . 
Fig. 166. Shows some asci (As) and pamphysts 
the asei. 


IF) between 


physes swell and the ascospotes are shot out 
■with considerable force. It seeris probable that 
some of the Algal elements umuilly work their 
■way to the surface and are set free flk>m the Lichen 
with the ascospores. On germination;' 'the ascospore 
produces hvphal filaments, which invent the Algal 


cells, and the two organisms conti r 




together as a lichen. (In some lichens, the carpo- 
goniura is much reduced, the trichogyne is wan- 
ting and the reproduction is apogamms , that is, the 
apothecium containing the asci is directly produced 
frogi the unfertilised female mass of protoplasm ot the 
carpogonium. It has also been shown, in some cases, 
that the spermatia of Lichens can directly germinate 
and produce a mycelium). Asexual reproduction: Since 
the Fungus of the Lichen belongs chiefly to the 
Ascomycetes and more rarely to the Basidiomycetesp the 
asexual reproduction of a Lichen agrees with that of a 
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member of the Ascomycetes e. g. Earoiiam (See p. 347) 
fcL7’ th ^"’ em '; er of 4 the Basidiomycetes e.g. Agaricas 
(&ee p. 658). Vegetative reproduction s Some Lichens 
reproduce themselves also ’vegetatvvely by struc- 
tures known as the soredia which consist of one 
or more Algal cells invested by the hyphae of the 
x 4 uxigtis. . I he soredia are set: free from the parent 
plant and grow into new Lichen plants. 


Division : 


Class { Haepaticeae or L verworts. 

Types MARCHANTiA. . 

Description of the gametopliyte. 

. Habitat % Marchantia polymorpha is commonly found 
m moist and shady places. Morphological Micros- 
copic structure : The body of the plant is a flat dorsi- 
ventral green thalius which is dichotomously branch- 
ed and the margin of which is wavy (Fig. 167 B ) 
On the underside of the thalius and especially on 
its midrib (b ig. 167B. v), there are numerous uni- 
ce u arroot-hke structures called rhizoids and multi- 
cellular scales called Central sca’es. The growth of the 
thalius takes place by a group of cells at each growing- 
point (Fig. 167 B.a). * 

On cutting a transverse section through the 
midrib of a thalius, the following structures can be 
successively seen from the upper to the lower sur- 
face j— (1) The superficial layer (Fig. 169 B. E) con- 
taining a large number of openings called pores (Fig. 
169 B. S) ; the cells bounding each pore contam 
but little chlorophyll while chlorophyll is abundant 
in the rest of the surface. Each pore leads down 
into an (2 atr-chanber (Fig. 169 B. AC) bounded at 
the ends by cells connecting the superficial layer 
with the rest of the thalius. On the floor of each 
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Pig. 168. Section of bud of Marchantia. 

Pig. 168 Thallus of Marchantia with gemmae ( a) 
a peculiar oily substance (Pig. 169 B. 0). Below 
the parenchymatous cells, there is the (5) footer 
Itmting layer to which are attached unicellular Mzoids 
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] ;i i g A section through the middle region of the tkallus showing the 

'■ :i;| superficial layer (E) containing the pare (S) ; air-chamber (AC) 

1 containing the assimilaling /issue (AT; / futtaciymatms cells con- 

taining oily substatue (o) ; unicellular rhizoid (R) and multicellular 
scale (SC) developed from the lower limiting layer. 

C— Surface view of the pore which opens into an air-chamber. 

> Vegetative Reproduction. 

( Little enps, called cupules (Fig. 167 B.b & Fig. 

168.a), occur on the upper surface of the thallus. The 
cupules have membraneous margins and within them 
green buds called gemmae are developed. Each bud, 
when set free from the parent plant, grows up into 
a new plant. 

Sexual Reproduction. 

At certain seasons of the year, special branches 
grow up into the air. In some plants, these branches 
bear flattened heads while in other plants the heads 
of such branches are star-shaped. The branches 
bearing flattened heads are known as the atiiheridt- 
ophores (Fig. 167B. d) while the flattened heads 
themselves are receptacles bearing the xntheridia (Fig. 
167 A. a) or male reproductive organs. The bran- 
ches bearing star-shaped heads are known as the. 
archegoniophores (Fig. 170) and the star-shaped heads, 
themselves are receptacles bearing archegonia (Fig. 
171 A. a) or female reproductive organs. 

A longitudinal section through the receptacle on an 
anther idiophore shows that it contains fit Rhizotds 
and Scales on the lower surface (Fig. 167. V; ; i2> 
air-caWtes opening on the upper surface by means of 
structures called potes (Fig. 167 A. S) ; (3 > Flask- 
shaped cavities containing antheridia (male organs) 
opening o i the upper surface by means of structures 
called ostioles (Fig. 167 A. o). Each antheridium (Fig. 
167 A. a) consists of a stalk bearing an oval struc- 
ture which contains numerous spermatocytes (sperma- 
tozoid-mother-cells) . Each spermatocyte liberates a 
btcitiate spermatozoid ( male cell). 

A longitudinal section through the receptacle on an 
archegontophore shows that it contains (1) Large 
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170 - Fig. 171. V fi. c*w, 

( a bzarmg a, b„ c. ; . 0 , A ar k 

■j-i 1 <0_ —J'/m It /.fin/ of Marchantia slif.vviiiff timhrelli 

*" 4 ’ cce - ,/ac!es in various si ages of develop' 

. 171— A --Portion of a lengthwise section of a young fnrcr- 

■thap, d receptacle snowing a row ot axhegonia fa) hand..- down 
from the lower surface ; auukcmbers (AC> are present oil the upper 
surface vv i t h pons (s ) ; .1! is one of the fmuerdike lobes with dia- 
S.v?. d ‘ S /i? pe e,, n -' er,S t "“ i,cat,n R air-chambers B— A young spare- 
£nmfiL W f 1111 t ie ?' thtgMiwn (&)\ tile region which is to 
become the spop e-case is indicated by the cross lines, and the small 
^ attached to the base of the’ arcbegoniom arid is Tndicat^ 
P° rtlon «> \P^gyniu,n (c) is developed around the. 
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mucilage-cells in the tissue of its body ; (2) Air-cavities- 
i opening' on the upper surface by means of structures 

calico pores (Fig. 171 A. S) ; 3) On the under surface , 
there are the archegonia ( Fig. 171 A.a) or female organs 
covered by a curtain-like membrane called perichae- 
'■ Hum Fig. 172A&B. 1). Each archegonium (Fig. 

< 171 A. a) is a pitcher-shaped structure situated upon 

. a short stalk. The pitcher-shaped structure is com- 

, posed of a long neck and a swollen Center. The neck 

1 has a central cavity which contains a row of cells 

• called neck-canal-cells. A large cell, called oospnere 

; (female gamete;, lies within the cavity oi the venter 

and the passage between the cavity of the neck and 
that of the venter is guarded by a cell called Central- 

Fertilisation : When the archegonium attains 
maturity, the ventral-canal-ecll and the neck-canal- 



.Fig. 172. Sporophyte oi Marchxmt la. 

A— Lower view of art old female receptacle, showing the 
yhytC' in rows between the pcrichaetium fi) like peas in a pod. B— 
Section of a receptacle, showing a mature sporophyte anchored hr its 
foot and projecting beyond the pmelmtium (f); the spore-case isr 
-open, exposing the mass of claten (el) ; tvyomtx sfio ophyte is show** 
at the right still enclosed within the. wall (calypira) of the 
archegonium ; special envelopes, pmgymn : fe) t -around the a)rche~ 
gonia and sporophytes. 
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are mature, the capsule is and foot attached to the base 
forced oat of the calrptra 

by the elongation of the Magnified view of au etatcr. 

stalk (Fig. 172 B) and the 

spores are liberated by the rupture of its wall. 

Development of the Gametophyte. 

Each spore, on reaching the ground, germinates 
at once and gives rise to a small germ-tube front 
which the Marchantia plant is subsequently devel- 
oped. 

“ Alternation of Generations ” in the 
Liverworts. 

In the life history of a Liverwort e. g. B r atcfwnlh 
polymorph#, we notice two stages or generations— 
sexual nml asexual The more conspicuous generation* 
is the sexual or gametophyte (meaning gamde~hQftT~ [ 
wg plant) which is represented by the thalius. The 
gamciophyle is followed by the asexual generation 
or spotophyte (meaning spared^earing plant) which. is 
represented by the sporogonhtm and which is parasitic 
on the gametophvte* The occurrence of the gameto- 
phyte and sporophvte, one after another, in a life 
history constitutes an ‘‘alternation of generations*** 
The life history of Marchantia polymorpha may be 
'expressed by the following formula— 

Gametophyte—vSperiniitozoid + oosphere) — Sporo • 
^fayte— sSpore)— Gametophyte. 
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Class: Musci or Mosses. 

Type: FUN ARIA-* (C. U. 1912, 1914, 1917), 
Description of the Gametophyte. 

Habitat :* Funaria hygrometrica grows on hill-sides,, 
damp walls, forests and other similar places. Mor- 
phological structure : The body of the plant (Fig. 
174) is differentiated into stem, leaves and root- 
like structures called rhizotds . The stem is slender 
and slightly branched. The leaf is simple, entire 
• and ovate with a distinct midrib. 

Microscopic structure. 

Stem. 

A transverse section of the stem shows the 
following structures— *(1) Cells (Fig. X75.ep) on the 
outside with thick brown walls. From these cells* 
some rhizotds have developed. In the upper part of the 
stem this superficial layer has not nearly such thick 
wails and the cells contain some chlorophyll* (2) 
Several layers of parenchymatous celts (Fig.175.tw & tn) 
whose walls gradually decrease in thickness towards 
the centre. These cells contain chlorophyll. (3) In 
the centre, a group of narrow thin- walled colourless 
celts (Fig. 175. cn). These three different kinds of 
tissues suggest a resemblance to the epidermis , codex 
and central stele of higher plants, but they are not 




Fig. 174*. A *:■ va ni-.m w... i , flint* 

Fig, 174 ,— A commm n^ass plant* Shows the branching lea ft 
1 MOSS plants (gametophytes) attached to the root-like mass of. 
drotoneinal filaments rind bearing sporoplwtes \s. cph 




strictly comparable, as* 
we are dealing with 
Mjf ^ A the gametophyte generation 

(moss plant), and these 
VWf0/ tissues belong to the 
■ sporovhyte of the higher 
stwHM P 3ant * 

ifflQM- “ Leaf. 

A transverse section 

Lh&mn of a !eaf (Fi s* 176) • shows 

(j that it is composed of a 
single layer of chlorophyll 
— containing parenchy- 
matous cells except at the 
midrib where it is several 
layers thick and travers- 
ed by a strand of narrow 
cells similar to those in 
the centre of the stem 
but not directly connect- 
ed with them. This cen- 
tral strand of narrow 
cells, both in the stem 
and leaf, is probably de- 
veloped to facilitate the 
conduction of water- Mosses 
are, however, by no 
means dependent on the 
passage of water for 
considerable distances 
through definite channels 
for, unlike most plants, 
they are able to take in 
water through their leaves* 

RfaizoitiL 

A rhizoid is made up 
of a row of cells attached 
together by oblique end 
walls. It is much bran- 
Fig, 17 c?. Section of Leaf of Moss . ched. When YOU tig, it IS 

colourless.' but its, cells. may develop chlorophyll if 
exposed to light ; when old, its walls become dark 
brown. ' 7 7 W . 




'Fig. 175. Section of Stem of Mass. 
JEpidermis (ep) ; thick- walled 
tortex (tw) ; thin-walled cortex 
ftn) ; central stele (cn). 
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Fig. 177, ' Fig 178* 

r 7. Antkcridia of Moss —Antfarldium (a) ; Leaf (!) ansi, 

Paraphysis (f). 

\. Magnified view of an AnthcH.Uitm of Mon. — Anther 
dlum (a) ; escaping Spermatocytes (h) ; magnified view 
of a Spermatocyte containing a Spcrmatozoid. 


Pti SPERMATC2OI0 

Fig* 579. Sptrm*tozoU of Mm. Antliendmm i AN); Sperma- 
tocytes (SP ) ; Spermatozoid with two cilia (CELJw 
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Sexual organs. 

Longitudinal sections through the tips of branches, show" 
that the male and female m, 
organs, the aniheridia (Fig. 

177.a) and archegonia (Fig. n , ■ 

180A.a) are formed at the l&f p| ’” t( p 1 hi 

tips of different branches ra|&.' "A |f 

covered with leaves (Pig. ftp! %V \ mil 
377.1) and numerous multi- pip) flSytM&g 

cellular hairs called the B s 

paraphyses (Fig. 177. f). Each P«a t l\| SylfaB 
mature aniheridiam '■ Fig., 178. pi|§L 

a) is a stalked club-shaped ra Mpj| 
structure within which a 
number of spermatozoid- 
mother-cells, called the sper- iji, 

matocytes (Fig. 178. b&c), are 

formed. The spermatocytes wSlJlf 

are liberated through an Wfe IlffiPwS 

opening at the top of the 1V |||||| . 

antheridium and each of j§||||jl ^ 

them, on coming out of the 
antheridium, liberates a 

spermatozoid (male gamete, * 

Fig. 178, c & Fig. 179) 
which swims about in the 

water by means of its i<wo ^»Pp [ 

cilia. Each mature archego- V^rPll 

nium (Fig. 180. B) is a stalk- 
ed pitcher-shaped body con- B 

sisting of a swollen basal f; s . iso. A,rhemi*n mu. 
portion Known as the center A — Longitudinal section 

(Pig. 180B.e) and a long through a branch bearing 
neck (Fig. IBOB.n). The Zi&tws af * 1 piimphyses (p> 
venter contains the oosphere ‘ B - Minified view of a% 
(female gamete, Pig. I SOB. anhezemium composed of venter* 
O). A large celL called the containing the oetfihere{ct} 

r ,Fi -- 180 ss TsrtSLSst 

^ Ll ’ HI the passage (nc) ; cells (mi closing the 

Between the venter and the cavity of the neck* 
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canal of the neck which con- 
tains many cells called the 
neck-canal-celtsi Fig. 1 80B •nc). 

Fertilisation. 

When the ensphere is ma- 
ture, the ven tral-eana 1-cell 
and the neck-eanal-eells de- 
generate into a mucilaginous 
substance which contains 
cane-sugar and the scent ot 
which attracts the sperma- 
tozoids. One of the spcrma- 
tozoids at last enters into 
the yenter of the archego- 
niurn and unites, after with- 
drawing the cilia, with the 
oosphere ; 'the product of 
union is known as the oospore 
which is surrounded with a 
walk 

Development of the Sporo- 
phyte. . 

The oospore, on germina- 
tion, gives rise to a structure 
known as the sporogonium 
(Fig. 181.A&B). When the 
sporogonium has reached a 
fair degree of development, 
its upper end swells to form 
the capsule or theca (Fig. 
182B.sc), and the remainder 
continues elongating to form 
the stalk or seta (Fig._182A. 
s). As it elongates it rup- 
tures the arehegonial wall 


(Fig. 181 B.a) the upper 
portion of which is carried 
up by the elongating stalk 




Fig 182, Sporogoniam sporoplirte) of Moss, 


— Young sporogoniam (sporoph yte) attached to the leafy moss 
plant (garnet ophyte) by the seta (S) upon which is situated the 
capsule with the calyptra (cal). B— Older sporogoniam with 
mature capsule (sc) and calyptra (cal) at the tip. C— Capsule 
with the calyptra removed showing the operculum (o). D— ■ 
stoma (si) from the surface of the capsule. E— Section of a capsule 
showing the columella (col), archesporimn (sp.) and air-space 
(a). F — Section of the archcsporium showing the cells [spl 
•which are converted^ nto spores . 


{ 380 ) 


is developed from the 
base of the seta ; the 
foot grows into the 
body of the mother- 
plant ( gametophyte) 
and the sporogonium 
(f sporophyte ) draws 
nourishment from the 
mother-plant mainly 
through the foot. 
The upper part of 
the seta, where it 
joins the capsule, is 
termed the apophysis . 
The structure of the 
seta is quite simple, 
consisting of parenchy- 
matous cells, of which 
the central ones are • 
slightly elongated to 
form a central conduct- 
ing tissue. The capsule 
consists of a swollen 
' basal portion and a 
narrow upper portion. 
The swollen basal por- 
tion of the capsule con- 
sists of a central mass 
of barren 'cells known 
as the columella (Fig. 
182E. col). Surround- 
ing the columella, lies 










The swollen basal por- 183 - Ca P su!e of Mo- 

tion of the capsule con- A-Magnified view of a capsule at 

sists of a central mass the to P V 1 the sct * and ,ean “? 
sisrs oi a central mass the annulus { r) and operculum (c). 

of barren cells known b~A portion of the cnpsuk show- 

as the columella (Fig. hig the teeth (t) of the peristome : 

182E. col). Surround- spores (sp) coming out of the cap- 

incr pnliimpllo Hoc snle * L-Ma*mficd view of the 
mg trie columella, lie. anim hts the cells of which have 

the spore-forming tissue absorbed water and have swollen 
known as the arche - so that the an nidus has broken and 
Sporium (Fig. 1 82E,spi curled backwards on two sides, 
which is connected with the wall of the capsule by 
strands of cells across an air-space (Fig. 182E.a). 
In the lower part of the capsule, below the spore- 
forming tissue, chlorophyll— containing tissue is more 
developed and is brought into communication witb 
the air by means of stomata (Fig. 182D.st). The 
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narrow upper portion of the capsule contains a lid- 
like structure known as the operculum (Fig. 182C.O 
& Fig. 183A.c) which is covered over by a mem- 
braneous cap called the calyptra (Fig. 1 82 B. cal). At 
the base of the operculum, there is a ring of cuticu- 
larised cells constituting a .structure known, as the 
annulus (Fig. 183A.r). Below the operculum, there 
is another structure known as the peristome ♦ The 
peristome consists of a circle of pointed triangular 
structures called teeth (Fig. 183B.t). When' the 
capsule is ripe, the annulus breaks Fig. ISSC.r) and 
the operculum covered with the calvptra falls down. 
The peristome is then exposed and its teeth, being 
sensitive to moisture, curl inwards and outwards 
with changes in the amount of water-vapour in the 
air and thus help to empty the capsule of its spores 
which are developed in the archesporiuiu. 



Fig. 184. Proto nema of Moss , 


J^—Bnrly stages in the germination o'* the spore (SI from which 
a germinating tube (w) is developed. B— Primary shoot 
' ■ of the protone ma rom which .branches -(b)- bre developed*;.; 
upon the branches, buds ik t w) are developed and each A budU; 
develops into a moss plant* 
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Development of the Gametophyte. 

Each spore, on germination, produces a multi- 
cellular structure called the protonema (Fig. 184 A & 
B : ) upon which numerous buds (Fig. 184B,kw) are 
developed and each bud develops into a Moss plant,, 
Alternation of Generations in tie Mosses. 

In the life history of a Moss e. g. Fatutrki hygro « 
metrica , we notice two stages or generations — sexual 
and asexual. The more conspicuous generation is 
the sexual or gametophyte (meaning gamete-heaving 
plant) which is represented by the protonema 
and leafy Moss plant. The gametophyte is followed 
by the asexual generation or sporophyte ( meaning 
spore-bearing plant) which is represented by the 
sporogonintn and which is parasitic on the gameto- 
phyte. The occurrence of the gametophyte and 
sporophyte, one after another, in a life history cons- 
titutes an “alternation of generations.” The life 
history of Fnnaria hygrometriea may be expressed 
by the following formula— 

Gametophyte (protonema & moss plant }■— sperma- 
fozoid 4* oosphere) — Sporophyte — (spore) — Gameto- 
phyte* ' 

Inter* Questions on "Moss"' from 1909- -22. 

1. Give an account of the life history of any Moss known to 

yon. {C. U. 1012). 

2. What do you understand by “alternation of genera Lions’’? 
Illustrate youi answer by reference, to the m osi plant, (C, U. 

, 1914). biA 

3. Describe briefly the life-cycle of a Moss ami explain what 
you understand by alternation of generations. (C. U. 1917). 

■— i — ~ Q 
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Tig. 385.A—A part of the creeping stem ( rhizome , r) from which rhi- 

xoids (rh), lolk-d tip ycung leaves (frond?, fr) and fully expanded 
leaves (1; are developed iJ— Magnified view of one of the leaflets 

showing, on the underside, the son {*) developed over the veirs. C 
—Section through a sorus at right angles to the surface of the leaf- 
let showing the thickness of the leaflet (P), placenta {pi; on which 
the indtisium (i) and sporangia (s) are developed. D -Magnified- 
uiew of a sporangium consisting o { tumulus (a) and stow him (st); 
spores (sp) are coming out by the rupture of the sporangium at 
the stomium* 


Class: Filicineae. 
Sub-Class .* Homosporae. 


(Only one kind of spore is produced and the 
jsrothalius is free from the spore ). 


Type: aspidiiem* \ C. U. 19:5, ‘9*9, 1 9 JO, 

1921, 1922). 


Description of the Spot ophyte. 


Habitat: Aspidinm filix ntus is very abundant in 
'woods and hedgerows. wfry : w\y : y 


Borphoiogical structure. 


The body of the plant is differen tiated into stem, 
leaf and root. The stem (Fig. ISfiA.r) is an mi- 
branched rhizome whose surface is completely 
covered with leaves. Occasion, ally hurts are develop- 
ed on the leaf-bases on the side away from the stem. 
The young ten res ( Fig. 185A.f) which cover the tip . 
of the stem are rolled lengthwise , from top to 
ibottorh and are covered with brown hairs called 


Y 
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the ramenta which are also developed on the petioles of the- 
fully expanded leaves. The. leaves, when fully expanded, 
are large and compound. On the underside of the leaflets 
of some compound leaves, light green or brown patches 
called son are developed over the veins. The roots are 
adventitious and come off chiefly from the bases of the 
leaves. 



Fig. 1 86. Vascular bundle of the stem of Aspidium. 

Fig. 186. Parenchymatous ground-tissue (g) ; endodevmis (bs) $ 
per icy ole (ps) ; sieve-tubes (st) of phloem surrounding 
the large thick-walled tracheids (t) of xylem. 

MICROSCOPIC STRUCTURE. 

Stem. 

A transverse section of the stem shows successively the 
following structures from outside towards the centre — (1) 
Dark-brown epidermis (Fig. 187 ep) with cuticularised 


25 




( 386 ) 



, ■■■■;- 


cell- walls. Within the epidermis lies the (2) ground-tissue 
(Fig. 186 g & 187 gt) which is composed of thin-walled 
parenchymatous cells. In the ground-tissue, there are a 
large number of (3) vascular bundles (big. 187 VR). Each 
vascular bundle (Fig. 186) consists of xylem (big. 186 t) 


Fig. 188. Sporan- 
gium of Fern. An- 
nulus (AN) ; Stom< 
3 urn (ST). 




Fig. 1 87. Section of stem of Aspidium 
filix-mas . 

Epidermis (ep) ; Ground-tissue (gt) ; Vas- 
cular bundles (VB) ; Pericycle (pe) ; Endoder- 
mis (en) ; Phloem (ph) ; Xylem (x). 


surrounded by phloem (Fig. 186 st). The phloem is sur- 
rounded by a layer of pericycle and the pericycle is surround- 
ed by a layer of endodermis. The xylem consists principally 
of scalariform tracheids, though a few spiral trac Judds and 
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a small amount of parenchyma are also present. The 
phloem consists of sieve-tubes which are without callus and 
companion cells and which are associated with a very small 
j,. amount of parenchyma. The pericycle (Fig. 186 ps) consists 
of a layer of thin-walled parenchymatous cells. The 
endodermis (Fig. 186 bs) consists of a layer of cells with | 

suberised walls and brown contents. j 

L Root. j 

i A transverse section of the root shows successively the 

following structures from outside towards the centre— (r) 
Outermost protective layer within which lies the (2) cortex , 
the cells of which are thin-walled towards outside and 
thick-walled towards inside. The innermost layer of 
cortex is the well-marked endodermis. Within the endo- 
dermis, lies (3) a single-layered pericycle. Within the 
pericycle, lies the (4) stele which is diarch. I 

ito Leaf. ■ | 

If a thin transverse section of a leaflet is cut through one j 

■of the sori (Fig. 185 C.P), the following structures can be j 

successively seen from the upper to the lower epidermis— ! 

(1) The upper epidermis, whose cells are devoid of stomata 
^ , but contain chloroplastids ; (2) The mesophyll, consisting 

of parenchymatous cells rather closer at the top but through- 
out more or less spongy. The vascular bundles are em- j 

bedded in the tissues of the mesophyll. Each vascular 
bundle consists of xylem and phloem lying side by side and 
I surrounded by the endodermis, the xylem lying towards 

| the upper epidermis; (3) The lower epidermis, whose cells 

| contain chloroplastids and stomata. 

*» On the lower epidermis and immediately over a vein, 
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there is a tissue known as the placenta (Fig. 1S5 C. pi) on 
which is developed an umbrella-like structure called the 
indusium (Fig. 185C. i) . The indusium covers a number of 
stalked bodies known as the sporangia (Fig. 1S5C. s) which 
are also situated on the placenta. Each sporangium 
(Fig. 185 D & Fig. 188) consists of a thin stalk bearing a 
swollen head at the top. At the edge of the head of the 
sporangium, there is an incomplete ring of cells with cuti- ^ 

cularised walls ; this ring of cells is known as the annulus 


I 
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(Fig. 185 D. a & Fig. 188 AN). Between the end of the 
annulus and the stalk, there is a structure known as the. 
stomium (Fig. 185 D. st & Fig. 188 st) which is composed 
of thin-walled cells. When the sporangium is mature, the 
spores (Fig. 185 D. sp) are set free from the sporangium bv 
the rupture of the stomium. 


Development and Description of the 
Gametophyte. 


If the conditions of germination are favourable, a spore 
germinates. Its outer coat bursts and the inner coat grows 
out into a small green tube (Fig. 190 A) from which a colour- 
less root-hair passes into the soil. The green tube then 
grows and by repeated cell -divisions forms a heart-shaped 
structure called the prothallus or prothallium (Fig. 190 
C & D). The central portion of the prothallus is known 
as the cushion which is several cells in thickness, while the 
rest of the prothallus consists of a single layer of cells. The 
cells on the underside of the cushion grow out to form 
unicellular rhizoids (Fig. 190 D.rh) by which the prothallus 
is attached to the soil. The prothallus is self-supporting 
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because it absorbs raw food materials from the soil by the 
.rhizoids and constructs more complex organic substances 
by its green colouring matter known as the chlorophyll. 
The sexual reproductive organs are developed on the underside 
of the prothallus. The anther idia or male sexual organs 




Fig. 190. Fern prothallium Sc archegonium, 

A~— Stages in the germination of the spore. B — Young prothall- 
ium with the apical cell (x) and remnant of the wall (w) of the spore. 
C—Tip of the prothallium beginning to assume the heart-shaped 
.form. D — Mature prothallium with rhizoids (rh), anther idia (an) 
and archegonia (a). E — An open archegonium with the oosphere (o) 
-ready for fertilisation and two spermatozoids (sp) near the entrance 
of the neck. 

(Fig. 190 D. an) are generally first developed among the 
root-hairs farther from the notch of the heart-shaped pro- 
thallus. Each antheridium is a more or less rounded 
structure which contains a large number of cells called the 
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spermatocytes or spermatozoid-mother-cells within each of 
which a spirally coiled multiciliate spermatozoid (male 
, gamete, Fig. 190 E. sp) is developed. The archegonia or 
female sexual organs (Fig. 190 D. a) are developed on the 
cushion near the notch of the heart-shaped prothallus. 
Each archegonium (Fig. 190 E) is a flask-shaped organ 
consisting of two parts : — (1) a cavity in the tissue of the 
prothallus known as the venter which contains the oosphere 
(female gamete, Fig. 190 E. o) and (2) a curved chimney- 
like tube called the neck which projects beyond the surface 
of the prothallus. In the immature condition, the free end 
of the canal of the neck is closed and the canal of the neck 
contains one or two small cells called the neck-canal-cells 
(Fig, 189 NE). At the junction of the venter and the 
canal of the neck, there is a large cell called the ventral- 
canal-cell (Fig. 189 vent. C). 

Fertilisation : When mature, the anthcridium bursts 
open at the apex and the spermatocytes are set free. Then 
from each spermatocyte a spermatozoid is liberated which 
moves about with the help of cilia. When an archegonium 
is mature, its neck-canal-cells and the ventral-canal-cell 
degenerate into a mucilaginous substance which contains 
malic acid and which breaks open the closed end of the 
canal. The scent of the malic acid attracts the spermato- 
zoids, one of which Anally enters the venter of the arche- 
gonium and unites with the oosphere. The structure thus 
formed by the union of the spermatozoid with the oosphere 
is known as the oospore. (Generally the spermatozoid of 
one prothallus unites with the oosphere of another, that is, 
cross-fertilisation takes place). 
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Inter. Questions on “ Ferns’’ from 1909-22. 

1. What do you understand by "alternation of genera- 
tions’ in the life history of a plant ? Illustrate your answer by 
reference to the normal course of life history in Ferns (Ch U. 1915). 

2. Describe the life history of any Fern and clearly state what 
is meant by "alternation of generations." (C. U. 1919). 

3. Describe in detail the sporophyte of a Fern. (C. U. 1920). 

4. What do you understand by the expression "life-history of 
plants"? Illustrate the life history in the case of a Fern. (C. U„ 
1921). 

Ans. "Life history of a plant" is th e full account of the life of 
a plant . Such an account must contain a complete description of 
its habitat, morphological & microscopic structure and physiological 
characters with special reference to growth and reproduction. 

5. Describe the prothallus of a Fern. What phase does it 

represent in the life cycle of the Fern ? (C. U. 1922). 

Ans. The prothallus represents the gametophyte phase in the life 
cycle of the Fern. 



Fig. 19 t. Development of sporophyte of Fern. 

A — -Section of prothallium with a young sporophyte ; cushion' 
(c) in which, is embedded the foot; unfertilised archegonia (ar) s 
old antheridia (an) ; rhizoids (rh) ; first leaf (1) of the developing 
sporophyte and first root (r). 

Development of the Sporophyte. 

The oospore undergoes repeated divisions and by the 
cells, thus produced, the stem, cotyledon (Figs. 191 & 192 1 ) 
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and root (Figs. 191 & 192 r) of the young Fern plant (sporo- 
phyte) are formed. A structure known as the foot (Fig. 

191 near c) is also produced ; 
jAWA through the foot, the embryo 

'®|f|||p^ draws nourishment from the pro- 

3 thallium till it is able to feed 

|T\ itself independently. 

frit Jaw., ym Alternation of Generations 

mMm ******* 

In the life history of a Fern 
{e.g. Aspidium filix mas), the plant 
iferf/ represents the sporophyte 
AW M \ l\j IV generation as it bears spores , The 

^ m * prothallus represents the gameto- 

phyte generation as it bears gametes 
(spermatozoid and oosphere). 
Since these two generations of the 
plant succeed one another regular- 
ly, Fern plant with spores giving 
rise to prothallus bearing the 
gametes which cause the forma- 
tion of the young Fern plant, the life history is said to 
exhibit " alternation of generations/' The life history of 
a Fern may be expressed by the following formula — 

Sporophyte-* (spore) — >Gametoph yte ~* (sperm atozoi d ~f 
(Fernplant) (Prothallus) 


Mg. 192. Prothallium with 
young spore phyte of Fern. 

First leaf (1) has grown 
up through the notch of 
the prothallium, while the 
root (r) has entered the 
earth; rhizoids (rh). 




oosphere) ~>Sporophyte. 

(Fern plant). 
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Class : Filicinae. 

Sub-class : Heterosporae 

(Spores are of two kinds, large and small. Large spore produces 
female and small spore produces male proth alius which does not 
become free from the spore) . 

Types: SALVINIA, AZOLLA, PILULARIA, 
MARSILI A. 

Description of the Sporophyte. 

Habitat. 

Salvinia 8c Azolla are aquatic, floating freely on the 
surface of water ; Pilularia 8c Marsilia are found in bogs 
and marshes. 











193. Salvinia. 


Fig. 194. Sori of Salvinia. 


Fig. T93 — Fart of a plant of Salvinia. Floating leaves (1) ; Sub- 
merged leaves (w) ; apex e/ Stem (k) ; Sori (s). 

Fig. 194 — Section through three sori of Salvinia. Two sori (i, i,) 
with microsporangia ; sorus (a) with macrosporangia. Indusium 
consists of two layers of cells enclosing an air-space. 

Stem. 

The stem is rhizome (Figs. 193, 195, 197 k) ; in Salvinia 
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Sc Azolla, monostelic without pericycle but with a two-- 
lay e/ed endo demits / in P ilularia 



Fig, 195. Marsilia. 

Big. 19 5 — Marsilia plant. 
Rhizome (k), Sporocarfis (f) 
springing from the leaf- 
stalks at (x). Compound 
leaf (b) consisting of four 
leaflets. 



& Marsilia , polystelic at first but 
eventually gamostelic from the 
fusion of separate steles to form 
a ring in which there are two 
endodermal hands (Fig. 196* a & 
b). In all four genera, the vascu- 
lar bundles are without cambium 
and each consists of xylem sur- 
rounded by phloem . 

Root 

Salvinia is rootless ; Azolla ». 
Pilularia and Marsilia bear ad- 
ventitious roots (193, 195* x 9 7 > w ) # 

Leaf. 

In Salvinia , there are three 
leaves in a whorl of which two are 
opposite and floating (Fig. 193.I) 
and one is divided into a number 
of branches (Fig. 193* w) which 
hang down freely into the water 
and function as roots ; in Azolla y 
the leaves are alternate and two- 
lobed, one lobe floating while the 
other submerged ; in Pilularia 
the leaves are alternate and cylin- 
drical (Fig. 197. b) and grow 
■ vertically upwards ; in Marsilia , 
the leaves are alternate and com- 
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pound, a long petiole bearing four leaflets vertically upwards^ 
(Fig. 195. b). In Salvinia and Azolla, the sori( Fig. 193. s) 
are developed on the submerged leaves or lobes of leaves. 
Each sorus consists of a placenta (Fig. 194) on which are 
developed the sporangia which are completely closed by 
an i'ndusium composed of two layers of cells ; in Salvinia , 
there is an air-space between the two layers of cells. There 
are two kinds of sporangia. One, known as the micros - 



Fig. 196. Section of Stele of Marsilia. 

Fig. 196 — Stele of Marsilia showing gamosielic structure. Outer 
endodermis (a) ; inner endodermis (b) ; fused xylem bundles (c) ; 
fundamental tissue (d) isolated by the fusion of the steles ; cortex (e). 


porangium (Fig. 194.1), contains small spores called micros - 
pores ; the other,, known as the macrosporangium (194. a), 
contains large spores called macrospores or megaspores . 
Each sorus consists either of microsporangia or macro- 
sporangia but never contains both (Fig. 194). In Pilularia 
and Marsilia , the sporangia are formed in a complex 
structure known as the sporocarp which is developed, 
in Marsilia (Figs. 195 f), on a stalk springing from the. 
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petiole of a leaf and, in Pilularia (Fig. 197. f), from the 
rhizome. The interior of each sporocarp is divided into 

a number of chambers each 
\ .of which contains a sorus 

I A Jl (Fig. 198. A). Each sorus 

^ Jj contains both microspomn- 

\ 1 { \ i a. If and macrosporangia (Fig. 

«| \ 4 1 1 19S.D & F.). The sporocarp 

% I U / / (( ^ ma< i e t0 rupture by the 

V' IIm \JL (if- III' mucilaginous character of 

vwIlMI m bfj ' the internal tissue which 

/■} absorbs water and causes 

(M i\ ftnlo®' Wal * °* ** ie s P orocar P 

If 1 1 IH Spores 

I ! I) r I | l M icrospore . 

\ l lii J j) jj , In Salvinia, all the micros- 

I! j if pores are joined together ; 

i/ tl • t in the sporangium of Azalia, 

j(|| |i ^ jl J \ there are from 2 to 8 masses, 

I I ! each containing the micros- 

% ftm, pores and being known as 

the massula . Each massula 

is surrounded by a delicate 

-p,. •*-%.» . . skin which, in some species, 

Fig. 197. Pilularia. ' x ? 

A— Natural size of the plant, possesses hair-like structures 


Fig. 197. Pilularia. 

A — Natural size of the plant. 


B-Magnifi ? d view of the end of known as the g l 0 C hiAia. In 
shoot showing Apex (s) of the * 

stem, leaves (b, b',), Roots (w) Pilularia and Marsilia , the 
and Sporocarps (f ) . . - £ 

1 microspores are free from 

-each other but each spore, instead of possessing only two 
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walls, has a third wall known as the epispore or 
perinium . 

Macrospore . 

In Salvinia, Pilularia and Marsilia , the macrospores 
are free but each possesses an epispore like the microspore 
of Pilularia and Marsilia. In Azolla , the epispore, on the 
lower surface of the macrospore, is developed into a large 
spongy mass which acts as a float, while the upper surface 
is firmer and bears filamentous outgrowths. The apex 
of the spore is generally furnished with a number of delicate 
filaments extending between the floats. The glochidia 
of the massulfe of microspores generally catch these filaments 
so that the massuke are anchored to the macrospore. 

Development and Description of the Gameto- 
phyte 

Male pro thallium or male gametophyte. 

In Salvinia and Azolla, the microspore germinates and 
puts out a tubular protrusion of the inner wall. This 
tubular structure is the male prothallium. From this, 
a terminal cell is cut off which divides into two. These 
two cells divide and produce a rudimentary antheridium 
within which four spermatocytes (spermatozoid-m other-cells) 
are produced. The spermatocytes, on attaining maturity, 
come out of the antheridium and escape into the water. 
Subsequently, one spermatozoid is liberated from each 
spermatocyte. In Pilularia and Marsilia , the microspore 
divides into two cells, one large and the other small. The 
large cell is the antheridial cell and the small cell is the 
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vegetative cell. The antheridial cell divides and produces 
eight ceils, each of which forms a spermatozoid. 

Female prothallium or fe- 
A$ male game tophyte. 

1 In ^ our § enera > ^ ie 

macrospore begins to germi- 
nate before its coats rup- 
virM \ 4 ture. It divides into two 

mlw ($§ cells, one large and the other 
small, by a wall known as 
A |f?^C .... . the diaphragm. The small 
pi cell divides and produces a 

rf^ small tissue which soon 
^ comes out of the spore-coats 

owing to the rupture of the 
WW Sc & l a ttcr and becomes green. 

This tissue is the female pro- 
* thallium. The. large cell 

tSsS remains almost unchanged, 

becoming filled with various 
^ ^ reserve materials for the 

nutrition of the young em- 
bryo which is subsequently 

Fig. 198. Sporocarp of Marsilia. developed in the protlialli- 
A — a sporocarp. B — a sporo- , , n f tKp 

carp which has burst the gela- um. At the apex 01 U t 

tinous ring and is protruding f ema J e pro thallium, usually 
through it: C — the gelatinous r . , 

ring has ruptured and extended, three archcgoma (female or- 
showing the separated son (s); \ are developed ill 

D & E — Son containing micros- B dIib / 1 

porangia (mi) and macrospor- Salvinia, and only one m 

angia (ma) . Azolla, Pilularia and Mar- 








' 'Ac 

g&k. o 

ML. 
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jsilia. If none of the first-formed archegonia becomes 
fertilised, more are developed later. The structure of 
the archegonium is similar to that of a homosporous 
Fern e.g. Aspidium filix mas. The female cell (oosphere) 
is fertilised by a male (spermatozoid) and the product of 
union is the oospore. 

Development of the Sporophyte. 

The oospore germinates and produces, in Salvinia , one 
cotyledon known as the scutiform leaf , stem and foot but 
no root ; in Azolla , Pilularia and Mar silia, two cotyledons f 
stem , root , dead foot. 

— — o 

Class : Equisetinae. 

Type: EQUISETUM. 

Description of the Sporophyte. 

Habitat. 

Equisetum arvense is widely distributed over the globe. 

Morphological Structure. 

The stem is a rhizome which is differentiated into distinct 
nodes and internodes. From the nodes of the rhizome, 
whorls of small scale-leaves , a number of adventitious roots 
(Fig. 199. A) and a few buds are developed. Sometimes 
the internodes of the rhizome mciy develop into swollen 
tubers (Fig. 199 A.t) which, on being detached from the 
parent plant, may propagate the plant. From the under- 
ground rhizome, shoots (vegetative and reproductive) grow 
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Fig. 199. A.— Fertile shoot developed from the rhizome and 
’bearing cone s (c) at the apex ; tubers (t) developed from the 
rhizome ; young vegetative shoot (v) developed from the rhizome 
and ready to grow into a mature structure as shown in (B). B — A 
vegetative shoot. C — A group of spores (sp) with their elaters (e) ex- 
panded. D — A spore with the elaters coiled around it. E Sc Ea — 

Two views of a sporophyll (si) with the group of sporangia (s) . F — 

Portion of a section of vegetative shoot showing epidermis, cortex 
consisting of sclerenchymatous tissue (r) below the epidermis, chloro- 
phyll-containing tissue (c), vallecular cavities (va) and endodeymis 
(e) ; vascular bundles (f) around an air-space (a) ; carinal cavity 
(cc) of the xylem of the vascular bundle and phloem (p), 

small scale-leaves which are united with each other (Fig* 

199. B). Buds are developed in the axils of the scale-leaves 
and each bud develops into a branch ; thus a whorl of 
branches is formed at each node (Fig. 199.B). The repro- 
ductive shoots contain little or no chlorophyll and are hence 
dependent on the rhizome for food materials. Each of the 
reproductive shoots is unbranched and bears terminally, a 
number of spirally arranged sporophylls (Fig. 199. A). The 
sporophylls are considered by some Botanists as sporangio- 
phores as evidence obtained from fossil plants seems to- I 

point to their being more strictly comparable to branches l 

rather than to leaves. The terminal portion of the repro- j 

ductive shoot bearing the sporophylls is known as the j 

,co?ie (Fig. 199 A.c). At the bottom of each cone, there is 1 

,a whorl of sterile leaves constituting the annulus . Each j 

sporophyll consists of a short stalk bearing at the top a flat 
hexagonal disc to the underside of which, five to ten sporan - ; 
gia are attached (Fig. 199. E&Ea.sl&s), The sporangia ! 

contain numerous spores which are all of one kind and 
which are shed when the sporangia are mature. The' ! 

26 | 
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reproductive shoots wither away as soon as the sporangia 

shed their spores. 

Microscopic Structure. 

outside toward, *, centre, the to.iow- 
ing tissues can be successively seen m a vegetative shoo.. 

(x) Awavy epidermis with' cuticularised wall which is stiongh 
impregnated with silica: stomata occur on the c pi trims. 
( 2 ) A discontinuous band of sclerenchyma (Fig. 199 • ) 

occurs beneath the epidermis. (3) The guimal cofo: 
containing air-spaces called vallecular cavities. (Fig. 
va) ; groups of cells of the general cortex contain chlorophyll 
(Fig 199F c). (4) The endodermis (Fig. I 99 F - e )- ( 5 ) 

Strands of vascular bundles (Fig. i 9 9 f - *)• ** ™ scul f r 

bundle consists of xylem and phloem lying sic e v sic t. 
The xylem is V-shaped with the apex pointing towards the 
centre of the shoot and the limbs pointing outwards. The 
primary xylem is composed of scalariform tracheids and a 
small amount of parenchyma : the protoxylem borders on the 
carinal cavity (Fig. i 9 9 f - cc) of the xylem and consists of a 
few spiral and annular tracheids. The primary phlam 
(Fiv 199F p) lies between the limbs of the V-shaped xylem 
and is composed of sieve tubes and parenchyma. (6) In. 
the centre of the shoot, there is a cavity (tig. I 99 r • a ) > 
at the growing point, pith occurs in the place of such a 

cavity. 

Rhizome. 

A transverse section of the rhizome differs from that 
of the vegetative shoot in having, over its whole surface, a 
thick band of sclerenchyma with numerous brown hairs.. 


( 403 ) 


Stomata and chlorophyll-containing tissue are absent. Pith 
is present and hence the central cavity is absent. 

Root. 

Proceeding from outside towards the centre of the root, 
the following tissues can be successively seen — (i) The 
epiblema. (2) The general cortex differentiated into outer 
dark-coloured cells and inner colourless cells with large 
intercellular spaces. (3) Two-layered endodermis completely 
enclosing the (4) vascular bundles consisting of three or 
four patches of primary phloem alternating with the same 
number of patches of primary xylem. The centre of the root 
is occupied by a large tracheid . 

Leaf. 

Each leaf has a single collateral bundle without carinal 
cavity and surrounded by an endodermis. The tissues, 
outside the endodermis are similar to those described 
under the vegetative shoot. 

Spore. 

The spores contain abundant chlorophyll. Each spore 
has a four-layered wall. The outermost layer, known 
as the episporium , consists, when the spore is ripe, of four f 

spiral bands, called elaters (Fig. 199. C&D), attached at one 
point. The elaters, under moist conditions, are wrapped 
round the spore, and under dry conditions, open out. The 
movement- of the elaters no doubt helps in the dehiscence 
of the sporangium. 

Development and Description of the Gameto- 
phyte. 

The spores germinate almost directly they are shed. 

From each spore, a multicellular prothallium and rhizoids j 


(Fig. 200 A&C. r) are formed. The prothallia, when fully 
developed, are of very irregular form and vary much in size. 

The prothallia generally 
g produce either archego - 

3 : n * a °. r an ^ le ™d no * 

gonia (Fig. 20 oC. ar) or 
female organs and the 
smaller prothallia hear 
only anther idia (Fig. 
2 oo A. an) or male or- 
gans. The archegonia 
and antheridia are simi- 
lar in form and develop- 
ment to those of a Fern 
e.g. A spidimn filix mas 
(See p. 384). At first 
they are on the lower 

Fig. 200. Gametophyte of side of the prothallium, 

Equisetum. but as the lobes of the 




prothallium grow larger 

• B — Spermatozoids. C --Female pro- they get pushed Up to 
thallium (sp), rhizoid (r), avche- ~ 
goniwn{ ar). the upper surface, lhe 

oosphere (female cell) of the archegonium is then fertilised 

by a spermatozoa or male cell (Fig. 200. B). The oosphere, 

after fertilisation, is known as the oospore. 

Development of the Sporophyte. 

. . The oospore divides repeatedly and from the cells thus 
produced, the stem, two cotyledons and the root of the embryo 
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are produced. A structure, called the/oo^, is also' produced ; 
the foot serves to attach the embryo to the. prothallium 
until it is sufficiently developed to maintain itself. 

Alternation of Generations in the Equisetum. 

In the life history of an Equisetum, the plant itself 
represents the sporophyte generation as it bears spores. 
The male and female prothallium represent the gametophyt'e 
generation as they bear gametes (spermatozoid and oosphere). 
Since these two generations of the plant succeed one another 
regularly, Equisetum plant with spores giving rise to male 
and female prothallium bearing the male and female gametes 
which cause the formation of the young Equisetum plant, 
the life history is said to exhibit " alternation of genera- 
tions.’ ’ The life history of an Equisetum may be expressed 
by the following formula — 

Sporophyte — (spore) — ^Gametophyte — *> (spermatozoid + oosphere) 
(Equisetum plant) (Male & female prothallium) 

Sporophyte. 
(Equisetum plant) 


Class: Lycopodinae. 

Sub-class : Homosporae. 

Type: LYCOPODIUM. 

Habitat. 

Lycopodium clavatum is distributed all over the world. 

Morphological Structure. 

The main stem (Fig. 201) and its stouter branches are 
creeping. The leaves are developed, in some places in 
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whorls and in others spirally, from the sides of the stem 
and branches. The leaves are of two kinds— vegetative 
and spore-bearing. The vegetative leaves are simple, linear 
with hairy margins and end in a long thread-like point 
(Fig. 201 & Fig. 203. st). The spore-bearing leaves or 
sporophylls { Fig. 203C. sp) are rather broader than the 
vegetative leaves and are closely crowded together at the 
tips of branches ; the tip of the branch bearing the spoio- 
phylls is known as the cone (Fig. 201. c). At the base of 
each sporophyll, there is a sporangium (tig. 203. C- s) 
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Fig. 201. Lycopodium plant. 

Cone (c) ; Vegetative ^leaves (s) ; Much branched root em- 
bedded in the soil. 
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•which dehisces and sets free large quantities of fine yellow 
spores known as the “ Lycopodium dust/' 


Fig. 202 » Section of the Stem of Lycopodium. 

Epidermis (ep) ; Thick-walled cortex (tw) ; Thin-walled cortex 
r (tn) ; Leaf-trace bundle ( 1 ) ; Endodermis (eh) ; Pseudo-pericycle 
(pe) ; Protoxylem (px) ; Protophloem (ph). 

Microscopic Structure. 

Stem. 

Proceeding from outside towards t^|| 4 fehtre of the 
stem, the following tissues can be successively seen — (i) 
The Epidermis (Fig. 202. ep) which is strongly cuticnlarised, 
(2) The Cortex (Fig. 202,tw & tn) which is composed of cells 
whose walls exhibit different degrees of thickening in 
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different layers. Scattered throughout the cortex, there 
are leaf-trace bundles (Fig. 202 . 1 ). (3) Several layers of 

cells which by some authorities are regarded as pericycle 
and by others as endodernvis (Fig. 202.en&pe). (4) I laUs 

of xylem (Fig. 202. px) alternating with plates of phlcem 
(Fig. 202. ph). The xylem plates, which lie more or less 
horizontally, are joined up with one another at intervals 
and consist oi scalar if or m tr ache-ids ; the protoxylem (big. 
202. px) occurs at the outer extremity of the plate of xylem. 
The protophlcem is also external and,, passing inwards, the 
phlcem consists of cells with larger cavities. 

Leaf. 

There are stomata on both the surfaces of the leaf. The 
mesophyll of the leaf consists of chloi'ophy 11 containing 
parenchymatous tissue in which is embedded a single small 
vascular bundle. 

Root. 

The structure of the root resembles that of a Lycopodium 
stem with about three xylem plates alternating with the same 
number of phlcem plates. 

Sporangia and Spores. 

Each sporangium (Fig. 203 B&C. s) is developed at the 
base of a sporophyll (Fig. 203 B&C. sp) and consists of a 
short stalk bearing ,at the apex, a swollen head. The 
spores (Fig. 203 D. t), which are all of one kind, are formed 
within the sporangium. 

Development and Description of the Game to - 
phyte. 

The prothalliim (Fig. 204. A) shows considerable variety 
of form. It is a small tuberous body with a colourless 
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Fig. 203. Cone of Lycopodium. 

K—Cone (c) consisting of over- 
lapping sporophylls ; Branch 
(St) at the bottom of the cone 
bearing green needle-shaped 
vegetative leaves. B — A portion 
of longitudinal section through 
the cone consisting of axis (a), 
sporophylls (sp) bearing sporan- 
gia (s). C-~The inner face of a 
sporophyll bearing the large 
sporangium. D — Two views of 
spores (t) from a group of four. 


Fig. 204. Prothallium (gameto- 
phyte) with the developing 
Sporophyte of Lycopodium. 

A — Prothallium (fj with young" 
Sporophyte. C — Young Lycopo- 
dium plant still attached at the 
base to the bean-shaped subterra- 
nean prothallium (gametophyte) . 
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base from which unicellular rhizoids are developed, and 
an apex which is divided into several green lobes ; m others, 
it is altogether tuberous. In other specres, it is large! 
and is a. cylindrical branched body bearing gametophores. 
The prothallium bears both archegonia and anthendia which 
resemble the corresponding organs of Ferns like Aspidium 
(See p. 384) excepting that the spermalozcnds are biahaie 
and the archegonia contain a larger number of neck-canal- 
cells . 

Development of the Sporophyte 

The oospore divides into two cells — hypobasal cell and 
epibasal cell. The hypobasal cell slightly elongates to form 
the suspensor. The epibasal cell divides and gives rise to 
the embryo which consists of a primary stem (Fig. 204. A) 
bearing a single cotyledon. The part of the axis of the em- 
bryo below the cotyledon is sometimes known as the Joot 
(Fig. 204.A). An adventitious root (I'ig. 204. A) develops 
from below the cotyledon. 



Class: Lycopodinae. 

Sub-class : Heterosporae. 

Type : SELAGINELLA.* 

Description of the Sporophyte. 

Habitat. 

Selaginella kraussiana inhabits the damp forests of 
tropical countries* 
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Morphological Structure. 

The stem is creeping and almost dichotomously branched 
(Fig. 205). At the points at which normal branching 
stakes place, leafless branches , termed rhizophores (Fig. 
205. H), are developed. The rhizophore is regarded as a 
branch because, like a branch, it is developed from the 
.outer tissues of the stem, it has no root — cap whereas the 
rtrue root of Selaginella has one, and it sometimes develops 



Fig. 205. Selaginella plant. Fig. 206. Section of Stem of 

Rhizophore (H) ; Cone (S). Selaginella. 

Epidermis (EP); Cortex (COR); 
Air-space (AIR) ; Endoder- 
mis (EN) ; Pericycle (PER) ; 
Xylem (XY ) ; Protoxy l em (PRO. 
XY) ; Phloem (PH). 


leaves and sporophylls. The rhizophore is regarded by 
some as a root because its internal structure is more like 
that of a root than that of a branch. At each node, there 
are two leaves , one large and the other small (Fig. 209 A. si & 1 ). 
Each leaf is small, simple, sessile and with a distinct midrib. 
On the inner side of each leaf, there is a small scaly out- 
growth known as the ligule. The spore-bearing leaves or. 
sporophylls (Fig. 205. S& Fig. 209 A.B.D) occur at the- 
apex of some branches which grow straight upwards ; the* 



sporoph yll-bearing portion of such a branch is known as the 
com or spike (Fig. 209 A.c). 
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Proceeding from outside towards the centre of the stem, 
the following tissues can be successively seen— (i) The 
Epidermis (Figs. 207 & 2o8.e) consists of thick-walled 
parenchymatous tissue. (2) The Cortex consists of scleren- 
chyma (Fig. 208.S) and thin-walled parenchymatous cells 


Fig. 207. Section of the Stem of SelagineHa. 

(e) ; Cortex (c) ; Endodermis (end) ; Pericycle (p) ; 
(px) ; Xylem (x) ; Phloem (ph). 
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(Figs. 20 7 & 208.C.). (3) The Endodermis is represented by 

•strands of cells (Fig. ,207. .end & Fig. 2o8.en) across an 



Fig. 208. Section of the Stem of Selaginella. 

Epidermis (e) ySclerenchyma ( s) ; Cortex (c) ; Endodermis (en) ; 
Air - space (a & b) ; Pericycle (p) ; Phloem (ph ) ; Xylem (x). 

air-space (Fig. 2o8,a&b) and holds (4) one (Fig. 207) 
two or three steles (Fig. 208). The stele is surrounded by 
the pericycle (Figs. 207 & 2o8.p) and consists of xylem 
(Figs. 207 & 208. x) surrounded b}^ phlcem (Figs. 207 & 
2o8.ph). The xylem is developed centripetally like the root 
of higher plants and hence the protoxylem (Fig. 2oy.px) lies 
outside. The xylem is composed mainly of sclalariform tra- 
clieids and the protoxylem is made up of spiral and annular 
tracheids, 





( 414 ) 



Root and Rhizophore. 

.Both in the root and rhizophore , there is a single stele 
which contains only one group of xylem and one of phloem . 
The rhizophore, as distinguished from the root, is peculiar 
in having a central proto xylem. 

Leaf. 

The leaves are of simple structure. The midrib consists 
of xylem surrounded by phloem which is again surrounded 
by the endodermis . Stomata occur on the lower epidermis. 
Both upper and lower epidermis as well as the mesophyll 
between them contain but few chloropiastids, sometimes 
only one of an unusually large size. 

Cone. 

A longitudinal section of the Cone of Selaginella (Fig. 
209.F) shows that in the axil of each sporophyll, there is a 
sporangium . The sporangia, in the axils of the upper 
sporophvlls, are known as microsporangia (Fig. 209 F.s. 
& D.sp) because they contain very small spores called 
microspores (Fig. 209 E.s) ; the sporophyll bearing a micros- 
porangium. is known as micro sporophyll (Fig. 209 D & F. si). 
The sporangia, in the axils of the lower sporophylls, are 
known as macrosporangia (Fig. 209 B & F.mgs) because 
they contain comparatively larger spores called macro spores 
(Fig. 209 C & F.ms) ; the sporophyll bearing a macros- 
porangium is known as macrosporophyll (Fig. 209 B & F.ml). 
In the sporangium, there is a central mass of cells known 
as archesporium which is surrounded by several layers 
of cells constituting the tapetum . The cells of the arches- 
porium divide and produce several cells called spore-mother- 
cells. Each spore-mother-cell of a microsporangium pro-- 
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duces four microspores (Fig. 209 E.s) but in the case of 
macrosporangium, only one spore-mother-cell produces four 
macrospores (Fig. 209 F.ms), the rest remain functionless. 



Fig. 209. Cone of Selaginella. 


A — -Branch bearing cones (cj and small (si) and large leaves ( 1 ). 
B— Inner face of a macrosporophyll ( ml) bearing at the base a large 
macrosporangium (mgs) containing a group of four macrospores . 
C — Two views of macrospores { ms). D — Inner face of a microsporo - 
phyll (si) bearing at the base a microsporangium (sp). 'E— Micros* 
pores (s). F — Longitudinal section of a cone showing the axis (a) 
bearing the micros p or ophy Us (si) at the top and macrosponphylls 
(ml) at the bottom ; the microsporophyll bears on the tipper sur- 
face the microsporangium (s) and the macrosporophyll bears on the 
upper surface the macrosporangium (mgs) containing four macros- - 
pores (ms). ' ‘ . • 
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£When the microsporangia and macrosporangia are ripe, 
their walls rupture and the microspores and macrospores 
come out and fall to the ground. 

Development and Description of the Gameto- 
phyte. 

Male prothallium or male gametophyte. 



At the time of germination, each microspore first of all 
divides into two cells, one small and the other large. The 
small cell is the vegetative cell (Fig. 210 A.p) which does not 
undergo any further division, whereas the large cell under- 
goes repeated divisions and produces a single antheridimn. 
Within the wall of the antheridium, the spermatozoid- 
mother-cells are produced (Fig. 210 A.s) and within each 
spermatozoid-mother-cell, a biciliate slightly twisted sper- 
matozoid (Fig. 210 B.sp) is produced. When the sperma- 
tozoids are mature, the coats of the microspore as well as 
the wall of the antheridium hurst, and the spermatozoids 
are set free. 

Female prothallium or female gametophyte. 

The female prothalliumis developed inside the macrospore. 
At the time of germination, the macrospore divides into a 
small upper cell and a large lower cell. The Small upper 
■cell divides and forms a small-celled tissue (Figs. 210 & 211) 
which bursts out a portion of the wall of the macrospore 
and develops chloroplastids fat the part which is exposed 
to light. At the exposed portion of this small-celled tissue, 
only one archegonium (Fig. 210 C.a & 2ii.arch) is developed ; 
if the first archegonium fails to become fertilised, a few 
•others may be subsequently formed. Each archegonium 
consists of a small neck and a venter. The neck contains 
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a single cell called the neck-canal-cell. Between the canal 
of the neck and the cavity of the venter, there is another 
cell called the ventral-canal-cell. The oosphere lies within 
the venter which is, in fact, a cavity in the tissue of 
the female prothallium. The large lower cell divides and 
produces a large-celled loose tissue (sometimes called 
endosperm ) which is rich in reserve food materials. The 
cell-walls at the junction of the small-celled and large- 
celled tissue thicken and form a partition-wall known as 
the diaphragm (Fig. 2ix). 


Fig. 21 x. Germination of macrospore of Selaginella. 

A rchegonium (arch) ; Oosphere (oos) ; Young embryos (cm', era) ; 
Diaphragm is the dark partition-wall at the junction of small and 
large-celledftissue. 

Fertilisation. 

When the oosphere attains maturity, the neck-canal-cell 
and the ventral-canal-cell degenerate into a mucilaginous 
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substance which, after breaking open the closed end of the 
canal of the neck, attracts the spermatozoids by its peculiar 
scent. One of the spermatozoids enters into the arche- 
gonium and unites with the oosphere. The product of 
union is the oospore which is subsequently surrounded with 
a wall. 

Development of the Sporophyte. 

The oospore divides repeatedly and from the cells thus 
produced, a structure called the suspensor (Fig. 210 C.Sus), 
the hypocotyl, the stem and the two cotyledons of the embryo 
are produced (Fig. 210. C). A false foot is developed from 
near the hypocotyl and the first root (Fig. 210.C) is deve- 
loped from the cells between the foot and the suspensor. 
The foot remains embedded in the tissue of the endosperm 
and absorbs food materials from the endosperm. 

“Alternation of Generations ” in Selaginella. 

In the life history of a Selaginella, we notice two stages 
or generations — asexual and sexual . The more conspicuous 
generation is the asexual or sporophyte (meaning spore - 
bearing plant) which is represented by the Selaginella 
plant. The sporophyte is followed by the sexual generation 
or gametophyte which is represented by the male and 
female pro thallium. The occurrence of the sporophyte 
and gametophyte, one after another, in a life history consti- 
tutes an " alternation of generations/' The life history 
■of a Selaginella may be expressed by the following formula — 
Sporophyte~>(spore)->Gametophyte~->(spermatozoid4- 
oosphere)-»Sporophyte. 
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Sub-division : Gymnosperms or Gymnospermae 

Order : Cycadaies. 

Type: ZAMIA. 


Fig. 212. Zamia (A Cy cad) . 

Fig. 212. A — Zamia plant composed of stem (s), rootlets (r)„ 
leaves (1) and female cone (e), B — A carpel (C) bearing two ovules 
(ov) with, micropyle (m). 



( 421 ) 


Habitat. 

The Cycads are tropical or sub-tropical plants and are 
mot widely distributed at the present time. 

Morphological and Microscopic Structure. if 

The stem (Fig. 212 A.s) of a Cycad, Zamia, is short and 
■woody and its body is covered with brown scale-leaves 
and the bases of green compound leaves. A number of lar ge, 1 : 
leathery pinnate green leaves occur at the top of the stem 
(Fig. 212 A.l). Every year or every other year, a cluster 
of green young leaves are developed at the top of the stem 
and such leaves are protected by dry brown scale-leaves. 

The root is a tap-root from the sides of which a number of 
rootlets (Fig. 212 A.r) are developed. Some of the rootlets 
may become swollen and may come above the surface of ij, 

the soil. The swollen rootlets are inhabited by an Alga. . 

There are two kinds of sporophylls — microsporophylls and • 

macrosporophylls which occur on separate plants. The iy 

microsporophylls are arranged spirally on an axis to form { 

a cone. Each microsporophyll (Fig. 2x3 A.ml) is a tough 1 

brown scale bearing on its lower surface a number of m'icros- 
porangia or pollen-sacs (Fig. 213 A.ps) arranged more or |‘; 

less clearly in groups. The microspores or pollen-grains, §! 

when ripe, are set free by the dehiscence of the microsporan- 
giam or pollen-sac. A number of macrosporophylls or 
carpels (Fig. 2x2 B.G) occur at the apex of the stem and 
constitute the female cone (Fig. 212 A.c). Each macros- v: 
poropkyll or carpel (Fig. 212 B.C) is a stout scaly leaf, 
thickened at its outer end and bearing usually two lateral . j 

macrosporangia or ovules (Fig. 212 B.ov), one on each side. T 
Each ovule has a two-layered covering called the integument ■}' 
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(Fig. 213 D.i) which surrounds a large tissue known as the 
nucellus (Fig. 213 D.n) in which the macrospore or embryo- 
sac is embedded. The integument does not completely 
enclose the nucellus but is absent at one point called the 
micropyle (meaning little gate, Fig. 212 B.m & Fig. 213 
D.m) through which the pollen-grains enter and come to 
lie in a small cavity called the pollen-chamber (Fig. 213 
D.p) which is situated at the top of the nucellus. 

Development and Description of the Gameto- 
phyte. 

Female prothallium or Female gametophyte. 

The nucleus of the 
embryo- sac or macros- 
pore divides into many 
parts and thus many 
nu clei are produced . 
A. mass of protoplasm 
gathers round each of 
these nuclei and subse- 
quently a cell-wall is 
developed around such 
a mass of protoplasm ; 
thus a number of cells 
are produced within 
the embryo-sac, Ihe 
cells thus produced 
within the embryo- 
sac constitute a tissue 
known as the endos- 
perm { Fig. 213 D.) 



Fig. 213. Microsporophyll, Sperma- 
tozoid & Ovule of Zamia (A Cyead). 
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Fig. 213. A — M icrosp orophyll (ml) containing two groups of 
•pollen-sacs (ps). B Two large top-shaped spertnatozoids at the tip 
of the pollen-tube ready to be discharged above the archegonia. 
C A spennatozoid viewed from the end, showing the spiral band 
which bears the cilia. D — Diagram of a section of an ovule after 
pollination ; micropyle (m) ; integument (i) ; pollen- chamber (p) ; 
nucellus (n) containing developing pollen-tubes ; archegonia (a) with 
large oosphere embedded in the endosperm (female gametophyte) . 

which corresponds to the vegetative part of the prothallium 
of a Fern. Several archegonia (Fig. 213 D.a) are developed 
at the micropylar end of the embryo-sac. Each arche- 
gonium has a short neck composed of four cells. There 
is a small canal through the cells of the neck. A cell, 
called neck-canal-cell , lies into this canal and the oosphere 
(female cell) lies at the bottom of the neck -canal-cell, 

Male prothallium or Male gametophyte. 

The pollen-grains germinate in the pollen-chamber. 
At the time of germination, a tube-like structure, known as 
the pollen-tube , is developed from the pollen-grain and the 
nucleus of the pollen-grain divides into many parts . The 
male gametophyte therefore consists of the protoplasm 
with several nuclei contained in the pollen-grain and pollen- 
tube. At the tip of the pollen-tube, a mass of protoplasm 
gathers round each of some nuclei and subsequently a 
delicate cell-wall is produced around each of such masses 
of protoplasm. Thus some cells are produced at the tip 
of the pollen-tube and one of these cells, termed the gene- 
rative, cell , produces two very large motile spermatozoids 
(Fig. 213 B), each with a spiral band or line bearing hundreds 
of cilia. In the Cycad, Zamia, the pollen-tube elongates 
and comes into contact with the neck of the archegonium 
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into which it discharges the two spermatozoids together 
with a drop of a liquid. In other Cycads e.g. Cycas, Ginkgo 
etc., the pollen-tube does not approach the archegonium 
but by its growth causes the absorption of much of the 
s micropylar portion of the nu- 

* J» cellus so that a cavity contain- 

\%Mli ing a liquid is formed between 

the pollen-chamber and the neck 
Jk J0 of the archegonium ; the sper- 
matozoids are discharged into 
such a cavity and gradually 
m ove down to the archegonium. 
One of the spermatozoids is 
finally able to enter the neck of 
an archegonium and, after drop- 
ping down the cilia, unites with 
the oosphere ; the product of 

mmm " union is the oospore. 

^|f||r Development of the 

sflf Sporophyte. 

After the fertilisation of the 
Fi! - 1,4 ASS! •* Cy ““ oosphere, the ovule becomes the 

Fig. 214— A carpel, of seec i which possesses two coats, 
Cycas revoluta which, is a ■ 1 f r , ; nm „ r 

pianately-compound leaf an outer fleshy «■- 

with five ovules (ov) occur- woody. Inside the 

ring; nr places of' five leaf- ■ C"'“- . y , ' 

lets at the lower part. seed, the embryo is developed 

from the cells produced by the division of the oospore. 
The development of the embryo is said not to take 
place generally until after the seeds have been shed. 
The embryo is in touch with a coiled suspensor which lies 


Fig. 214. A carpel of Cycas 
° revoluta. 
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embedded in the endosperm. Around the endosperm, 
there is a small amount of perisperm which is the remaining 
portion of the nucellar tissue. The embryo possesses two 
. cotyledons , a plumule and a radicle. 


Sub-division : Gymnosperms or Gymnospermae. 

Order : Coniferae. 

Type: FINDS. 

Habitat. 

The Conifer ce are mostly inhabitants of temperate 
regions and occur even in places which are nearest to the 
polar regions. Within the tropics, they are mostly confined 
to mountains. 

Description of the Sporophyte. 

Morphological Structure. 

The plant generally grows into a large tree with a strong 
woody stem, except at high altitudes, where it becomes 
stunted. The stem is covered with a rough scaly bark. 
The plant has a primary root which, if the soil is of sufficient 
depth, will penetrate down and form a well-marked tap-root, 
giving out strong secondary roots, but if the soil is shallow, 
will soon become arrested and the secondary roots wall 
spread out near or on the surface of the ground. The main 
branches of the stem come off in apparent whorls, but the 
secondary branches tend to be formed mainly from the sides 
of the stem, so that they come to lie more or less in a hori- 
zontal plane. Besides the long branches which end in a 
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bud and have indefinite growth , there are other branches 
of limited growth which cover all the younger parts of the 
plant and are also known as the dwarf shoots or bifoliar 
spurs . The dwarf shoots are covered at the bottom with 
scale-leaves and bear at the apex a pair of long needle- 
shaped green-leaves (Fig. 2 15. A). The spore fihylls are col- 
lected together into flowers or cones which are unisexual , 
both male and female flowers occurring on the same plant. 
The female flower (Fig. 215. A & D) is developed in the 
place of a branch of unlimited growth of the current year 
and consists of an axis bearing a large number of spirally 
arranged scale-lea. ves which are the macros par ophylls, 
bract-scales or carpellary scales (Fig. 216.CARISC). On the 
upper surface of each bract-scale, there is another scale-leaf 
known as the ovuliferous scale (Fig. 216.ov.se) upon which 
two macrosporangia or ovules (Fig. 216.0V & 215 B.o) are 
developed. The male flower (Fig. 217 A, B & Fig. 218) 
is developed in the place of a dwarf- shoot of the current 
year and consists of an axis bearing a large number of 
spirally-arranged scale-leaves which are the 7 nicrosporo- 
phylls or stamina l leaves. On the under surface of each 
microsporophyll or staminal leaf, two microsporangia or 
pollen-sacs (Fig. 217 B & 21S.P.S) are developed. Each 
micro sporangium or pollen-sac contains a large number of 
microspores or pollen-grains (Fig. 217 B). 

Microscopic Structure. 

Stem. 

The stem of Pinus closely resembles the stem of a Dico- 
tyledon. In a very young stem, the following structures 
can be successively seen — (1) The Epidermis consisting 
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of one layer of cells, the outer walls of which are stiongly 
cuticularised. (2) The Cortex (Left Fig. 220. COR) consist- 
ing of several layers of parenchymatous cells ; in the deeper 
layers of cortex, there are some resin-passages (Left Fig. 
220. RD). (3) The Endo dermis Sc Pericycle are not well- 
differentiated. (4) The Phloem (Left Fig. 220. PH & Fig. 
219 B.Bast) consisting of parenchymatous cells and sieve- 
tubes without companion-cells ; there are numerous sieve- 
plates on the radial walls of the sieve-tubes. (5) The 
Cambium (Left Fig. 220. CB Sc Fig. 219 B.Cam) consisting 
of a few layers of brick-shaped parenchymatous cells., 
(6) The Xylem (Left Fig. 220. XY Sc Fig. 219 B.Wood) 
consisting of tracheids with bordered- pits ; there are small 
resin-passages (Left Fig. 220. RD) in the protoxylem and 
secondary xylem. (7) The Pith (Left Fig. 220.PI & Fig., 
219 B.Pith) consisting of thin-walled parenchymatous cells. 
(8) The medullary rays (Left Fig. 220. M.R Sc Fig. 219 B.m) 
are plates of cells which extend from xylem to phloem ; 
the medullary rays in the secondary xylem consist of cells 
with strongly lignified walls and closed pits on their ‘walls. 
(Note : Secondary growth takes place in exactly the same 
wav as in the Dicotyledons. After secondary growth, the 
Epidermis ruptures and is cast away and hence the structure ■ 
of the stem consists of (1) Cork, (2) Cork-cambium, (3) Cortex 
formed of secondary and primary cortex, (4) Pericycle , 
(5) Endo dermis, (6) Phloem, (7) Cambium, (8) Xylem , (9) 
small amount of Pith, and (10) Medullary rays. (See 
Figs. 219 B Sc 220. Left). 

Root. 

The foot of Pinus also closely resembles the root of a 
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Dicotyledon . In a very young root , the following structures 
can be successively seen — (i) The Piliferous layer ; (2) The 
Cortex ; (3) The Endodermis , one-layered ; (4) The Peri- 
cycle , many-layered ; (5) Y-shaped Xylem bundles with a 
resin-passage (Right Fig. 220. R.D) at the apex of each 
arm of Y (Right Fig. 220.XY) ; the xylem bundles alternate 
with the same number of phlcem bundles. (6) The Medullary 
rays (Right Fig. 220. MT) consist of cells with strongly 
lignified walls and closed pits on their walls. (Note * 
Secondary growth takes place as in the Dicotyledons. 
Cork is developed in th epericycle, so that after the formation 
of cork, the endodermis , cortex and piliferous layer are cast 
away. The following structures can therefore be seen 
after secondary growth — (1) Cork ; (2) Cork-cambium ; 
(3) Secondary Cortex ; (4) Phlcem ; (5) Cambium ; (6) Xylem ; 
(7) Medullary rays which cross xylem and phlcem radially. 
(See Right Fig. 220). 

Leaf. 

The upper surface of the leaf of Pinos is more or less 
flat and the lower surface much curved. The following 
structures can be seen in the leaf — (1) The Epidermis 
(Fig. 22 1. e) with its very strongly cuticularised walls. 
The guavdlcells (Fig. 221. st) of the stomata , developed on 
all sides of the leaf, are muck below ike level of the surface . 
(2) Layers of sclerenchymatous fibres {Fig. 221. r) occur 
below the epidermis except where stomata occur. (3) 
Several layers of chlorophyll-containing parenchymatous cells f 
of which the inner especially show curious infoldings of the 
walls ; the infoldings probably increase the assimilating 
surface. There are a few resin-passages (Fig. 22i.d) among 
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these parenchymatous cells (Fig. 22i.Green Tissue). (4) The |v 
endodermis (Fig. 22i.bs). (5) The pericycle (Fig. 221. t) f;; 

is very peculiar and consists of two kinds of tissues : — (a) 
parenchymatous tissue with abundant protein and starchy 
cell contents and ( b ) tracheidal tissue with a number of 
small bordered, pits. The parenchymatous tissue appears 
to make up for the small amount of phlcem, for through this 
parenchymatous tissue the protein formed in the green 
cells pass into the vascular bundle. The tracheidal tissue 
helps to compensate for the small amount of xylem and to 
pass solution of food material to the chlorophyll-containing 
assimilating tissue. These two forms of tissue (e.g. paren- 
chymatous & tracheidal) constitute the transfusion tissue, 
which is very characteristic of the leaves of Gymnosperms! 

The pericycle consists of some scler enchymatous fibres 
which completely surround (6) two vascular bundles, each 
of which is composed of Xylem (Fig. 22i.Wood), facing 
towards the upper surface of the leaf, cambium and phlcem 
(lug. 221. Bast). The presence of cambium in the vascular 
bundle is also peculiar to the leaves of Gymnosperms. 

(7) The Medullary rays in the vascular bundles are well 
marked. 

Development and Description of the Gameto- 
phyte. 

Female prothallium or Female gametophyte. 

The ovule consists of a mass of parenchymatous tissue, 
called the nucellus (Right Fig. 216.NU & Fig. 222 A.n), 
sun ounded by a single covering called the integument 
(Right Fig. 216.INT & Fig. 222 A.i) which is absent at 
one point called the micropyle (Right Fig. 216. MI & Fig.. 


( 43 « ) 



222 A.m). At the base of the nucelius, there is a large 
cell called the embryo- sac or macrospore (Left big. '2xo. 

EM SC) which divides repeatedly and thus a tissue, ca f 
the 'endosperm (Right Fig. 216. PRO & Fig. 222 A. Endos- 
perm) is formed. The endosperm corresponds to die 
female prothallium. -At the micropylar end of the endos- 
perm, two or three archegonia (Right lug. 216 & lug. 222.-c.at) 
ere developed. Each archegonium consists of a snoit 
neck formed of four cells and a very large cell known as the 
oosphere which is embedded in the endosperm and surrounded 
bv a well-defined layer of cells, called the jacket cells, of the 
endosperm (Fig. **2.D). There is a small canal through the 
cells of the neck ; this canal contains a cell calico the 
y&niY&l-c&M'i'il-c ell. 

Male prothallium or Male gametophyte. 

The flowers of Pinus are wind-pollinated. Each pollcn- 
orain (Fig. 217.F & Left Fig. 21S.PG) has two balloon-like 
expansions by means of which it floats in the air and may 
happen to fall near an ovule of a female flower where it is 
caught by the mucilage which is, by this time, excreted 
from the ovule. The mucilage gradually dries up and 
drags down the pollen-grains which are ultimately conveyed 
to a small cavity, known as the pollen-chamber (I’ig. 222 
A.pc), situated above the nucelius. Even before leaving 
the anther, the pollen-grain begins to divide and the divi- 
sions are completed while lying near the ovule. At first 
two very minute cells, called the prothallid cells (Pig. 
222. B.p), are cut off from the pollen-grain ; the remaining 
portion of the pollen-grain then divides into a small anlhen- 
dial cell and a large vegetative cell which elongates into a 




tube-like structure known as the pollen-tube (Fig. 222. B). 
The pollen-tube develops and forces its way through the 
cells of the nucellus and reaches one of the archegonia 
(Fig. 222. A). During this time, the antheridial cell divides 
into two cells, the stalk cell and the generative cell . The 
prothallial cells then collapse and the cell-walls of the 
vegetative cell, stalk cell and generative cell dissolve and the 
protoplasmic contents and nuclei of these cells then pass 
down to the apex of the pollen-tube where the generative 
cell, consisting of a mass of protoplasm and a nucleus, 
divides into two cells known as the male gametes (Fig. 222 
C.S) ; the nuclei of the other cells then disappear. The 
male prothallium is therefore- represented by the two 
prothallial cells, vegetative cell, stalk cell and generative 
cell (Fig. 222 B.p.g.t). 

Fertilisation. 

Fertilisation takes place about a year after pollination . 
The process of fertilisation consists in one of the male 
gametes uniting with a female gamete (oosphere) ; the 
product of union is known as the oospore. 

Development of the Sporophyte. 

In the female prothallium ( e.g . endosperm), the oosphere 
of more than one archegonium may be fertilised. The 
oospore of each archegonium repeatedly divides and produces 
four suspensors (Fig. 215 F.s) and four embryos ; hence 
in the unripe seed, we find a number of very young embryos . 
But as development proceeds, all the embryos except one 
become abortive so that in the ripe seed, there is only one 
embryo . The embryo consists of a whorl of about eight 
cotyledons (Fig. 215 F.c), a radicle and a plumule and is 
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(Fig. 215 t ^ e nuce llus remains. The endob- 

**"■ % & contain food material* for the deve- 
perm and .enspe ilisationi the ovuk becomes 

TirZ i^n, of the ovule hero, nee the «fo 
*= “!"■ ptVand the mieropyl. of the ovule remains 
Fl§ ’ ”, 5 4 >vh m°. 215 Fan) of the seed - 111 the thud 

as the.jmcro ^ the w00f iy cone open out (Fig. 
year, when ihe scaiu * 

l ' ,,, the surfs are set free as winged bodies. 1W 
J r Wt of the seed is derived front the upper surface 
(Fig.st5C.wW *•« of germination, the radicle 

0f ** ‘pSi down into the ground and becomes the tap- 

F " r tj, The cotyledons of Finns 

The testa then falls oft. me coi>i 

1 -i. K-iriP" within the testa and then 
^“rV^orl^fU leave. The plumule 
J ows out between the cotyledons and becomes the shoo 
T the first year, the shoot produces only green need - 
shaped leaves but not scale-leaves and dwarf-shoots. 

Alternation of Generations m Pmns sylves- 
tyris* 

t *ki : life history of Pirns sylvestris, the' plant itself 
In T h snorophyte generation as it bears spores 
h P or pollen-grains and macrospores or 
ae pollen-grain gives rise, on geimmation, 
Srothalliim ; the embryo-sac gives rise to the 
X The male prothalhwn and female 

female prothalhum. „ amet ophyte generation. Since 
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The life history of Finns sylvestris may be expressed 
by the following formula — 

Pollen grain — Male Gametophyte — £ Male gamete -v 
Sporophyte ^ (mierospore) (protoplasmic contents 

.(Pine plant) s. of the pollen tube) , J*l- 

> Embryo-sac— £ Female Gametophyte — *} Female gamete 
(macrospore) (protoplasmic contents toosphero) 
of the embryo-sac) 

Sporophyte 

(Pine plant) 


■ 15 * Female flower or mnfat Finns sylvestris, 
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Section M female flower or cone of Finns sylvestris 

brigitudinal section of female flower). 

ulif crons scales (ov.sc) at the bottom of vCI 
• (C A RISC) ; the ovuliferous scale b< 


Fig. . 2x6. 

Left figure (I- 

Axis t bearing ov _ 
there is a bracl^scalc 
ovule with integument (INT); enclosing a 
lies an embryo-sac (EM.SC). 

Middle figure {Carpels of female flower) 

" At the top, itppe* view 
from view by the vigorous 
(ov.s) bearing two ovules at the base \ 
ovuliferous scale has bee n prolon ged 
a carpel or bract-scale (BR.S) upon 
(ov.s)' bearing two ovules (ov). 

Fight- figure (Magnified view of section of portion of a female 
flower) . 

Axis of the female flower bearing bract-scale (CAP) upon 
wiiich lies the ovuliferous scale .( py.se) bearing on the upper surface 
an ovule formed of an into gum eoiffl NT) which is absent at a point 


of a carpel or bract-scale which is hidden 
development of the anti if crons scale 
; the apical portion ( A.P) 'of the 
At the- -bottom, under view .of 
which lies the ovuliferous scale 
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Fig. 217. Male flower or cone of Pinus sylvestris. 

A — A male flower or cone at the base of which there are three 
bifoUdr spurs having scale-leaves at the base. B — Left figure is the 
surf ace view of a male cone and the Right figure is a sectional view 
of a -male cone showing the anthers developed on the under surface 
of the staminal leaves and containing pollen-grains. C— End view 
of a staminal leaf. D — Side view of a staminal leaf. E — Pollen- 
mother -cell developing four pollen-grains. F — A pollen-grain show- 
ing the two bladder-like expansions, prothallial cell (p), generative celt 
(%) and the vegetative cell (t)„ 
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Section of the «ito» of Finns sylvestris 
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ie stem before secondary growth. B — Section 
C-*-Cross section of the region of cambium 
n (wood), phloem (bast) and a medullary 
n of xylem (wood) at an annual ting com- 
Id wood with a medullary ray (m) passing 
resin-passage (d) occurring in the wood* 



Fig. 220. Section of stem and root of Pinns sylvestris. 

Left figure (Stem after secondary growth). 

Cork (OK) ; Cork-cambium (CC) ; Cortex (COR) containing resin- 
passages (RD) ; Phloem (PH) ; Cambium (CB) ; Xylem (XY) con- 
taining medullary rays (M.R) and resin-passages (RD) ; Pith (PI). 

Right figure (Root after secondary growth). . 

Cork-cambium (CO. CB) with cork outside it ; secondary cortex 
(S.C) ; secondary phloem (S.PH) ; cambium (CB) ; secondary xylem 
(XY) containing resin-passages (R.D) ; medullary rays (MT) ; pro- 
to xylem (PR.XY) containing a resin-passage at the apex. 
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vmis (e) containing stomata (st) ; 
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>eculiar infoldings of their walls and 
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prothallial cell ( p). C — Magnified view of the tip of pollen-tube 
applied to the oosphere and possessing vegetative nucleus ( t) and 
Jmo male gametes (s). I) — Magnified view of a mature archegoriium 
•embedded in the tissue of the endosperm and showing the large 
^oosphere surrounded by & jacket of cells rich in protoplasm ; two 
neck-cells of the archegonium are shown just above the oosphere. 

38 - Indicate clearly the phenomenon of “Alternation 
-of Generations’' in Monocotyledons and Dicotyledons and 
state the principal points of difference between the (A) 
Algae and Fungi (C. XL 1913* 1922)* (B) Mosses and Ferns, 
(C) Ferns* Monocotyledons and Dicotyledons (C. XL 1912), 
and (D) Monocotyledons and Dicotyledons (C. XL 1919). 

“Alternation of Generations” in Monocotyledons and 
Dicotyledons. 

In the life history of a Monocotyledon or Dicotyledon, 
we notice two stages or generations — an asexual and a 
. sexual . The asexual generation or Sporophyte is represented 
by the leafy plant because it bears asexual reproductive 
.structures known as the spores (e.g. microspore or pollen- 
grain & macrospore or embryo-sac). The microspore or 
pollen-grain germinates and produces the pollen-tube 
which contains two male gametes, nucleus of the vegetative 
•cell and some protoplasmic matter. The pollen-tube with 
its contents represents the male gametophyte. The macros- 
pore or embryo-sac germinates and produces the egg-; 
apparatus, three antipodal cells and two polar nuclei. 
The mature macrospore or embryo-sac with its egg-apparatus y 
antipodal cells and polar nuclei represents the female gameto- 
phyte. The female gamete (oosphere) is fertilised by one 
of the male gametes and the structure thus produced. is. the 
mspore which divides and gives rise again to the plant 
which is Ihe sporophyte. Since these two generations ( sporo - 
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fihyte & gameiophyte) of the plant succeed one another 
regularly, the life history of a Monocotyledon or Dicoty e on 
is 'said to exhibit regular “ alternation of generations. 

■The life history of a Monocotyledon or Dicotyledon- 
may be expressed by the following formula— 

J, Polleu-grain — * Male Gameiophyte > — * SOU*. V 

Sporophyte ^ (micvofpore) . > 

(plant) S* Eml , ryo . aac -^Female Gametophyt" -4 gamete 

(macros pore) (protoplasmic contents 

' of embryo-sac- 

Sporophyte. 
i plant) 


(4) Difference between the Algae and Fungi. (C. U. i9 I 3» 
1922). 

(a) Structure and differentiation of body. 

(1) The vegetative body of the Fungi is unicellular 
or coenocytic ; the vegetative body of the Algae is uni- 
cellular, coenocytic or multicellular. (2) The body of 
Fungi may at most be differentiated into root and shoot 
and the shoot is never differentiated into stem and 

leaf. The body of the Algae may even be differentiated 
into root, stem and leaf. 

(b) Mode of Nutrition. 

The Algae possess in their bodies chloroplastkls which,, 
in the presence of light, can build up complex carbon- 
containing compounds ; the Fungi do not possess chloro- 
plastids in their bodies and hence they are dependent for 
their food on living plants and animals when they are 
known as parasites, or on decaying organic matter when 
they are known as saprophytes. 
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(c) Structure and, differentiation of sexual organs. 

(i) In the Algae, the sexual cells (gametes) may or 
may not be ciliated ; in the Fungi, the sexual cells are 
never ciliated. (2) In the Algae, the sexual organs are 
sometimes unicellular but generally multicellular and 
complicated in structure ; in the Fungi, the sexual organs 
are sometimes multicellular but generally unicellular or 
coenocytic in structure. 

(d) Different stages in the life history. 

The life history of the Fungi generally exhibits poly 
morphism , that is, several distinct phases in the course of 
their life ; polymorphism is almost absent from the life 
history of the Algae. 

(B) Difference between the Mosses and Ferns. 

(a) Structure of the gametophyte.- 

(1) The gametophyte. of the Moss is differentiated into 
stem, leaf and root-like structures called rhizoids ; the 
gametophyte of the Fem is a green, leaf-like, heart-shaped 
structure which is not differentiated into stem and leaf 
but rhizoids are developed from it. (2) The stem of the 
Moss is differentiated into tissues which may be comparable 
to the epidermis and cortex of the sporophyte of higher plants ; 
there is no such differentiation of tissues in the prothallus of 
the Fem. (3) The sexual organs of the Moss are surrounded 
by delicate leaves and hair-like structures called the para- 
phrases ; in the Fern, the sexual organs are not surrounded 
by delicate leaves and paraphyses. In the Moss, tlie 
female sexual organ, at the time of maturity, throws out of 
its neck a mucilaginous substance containing cane-sugar ; 
in the Fern, the mucilaginous substance contains malic acid* 


m 





( 442 ; ) 



•(6) Structure of the Spar ophyte. 

(i) The Sporophyte of the Moss is at first differentiated 
into a root-like structure called the foot and a shoot which 
is differentiated only into a stalk bearing, at the top, a 
sporangium known as the capsule ; through the foot, the 
sporophyte derives nourishment, from the gametophvte. 
The. sporophyte of the Fern is highly differentiated into 
root and shoot comprising stem and leaf. (2) The stoma 
of the sporophyte ( e.g . capsule) of the Moss has one guard- 
cell ; in the Fern, there are two guard-cells. (3) The micros- 
copic structure of the sporophyte of the Moss shows that the 
body of the sporophyte consists mainly of parenchymatous 
‘cells ; the body of the sporophyte of the Fern is highly 
differentiated into parenchymatous tissue, vascular tissue 
and, in manv cases, sclerenchvmatous tissue. (4) In the 
Moss, the sporangium (e.g. capsule) possesses structures 
known as the peristome, operculum, caiyptra and columella; 
in the Fern, these structures are absent. The annulus is 
present in the sporangium of both Moss and Fern and it is 
directly or indirectly concerned with the dehiscence of the 
•sporangium. (5) Each spore of the Moss, on germination, 
does not directly give rise to the gametophyte but a struc- 
ture known as the protonema is at first produced and on 
the protonema the gametophyte subsequently develops 
as a bud ; the spore of the Fern directly gives rise to the 
gametophyte and no structure like the protonema is at all 
produced. 

( C ) Difference between the Ferns, Monocotyledons and 
Dicotyledons. (C. U. 1912). 

(a) Mode of arrangement and the composition of vascular 
bundles . • 
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(i) The stem of Fern is commonly polystelic ; in the 
Monocotyledons & Dicotyledons, it is monostelic. ; In 
the stem of a Fern, the vascular , bundles are scattered,, 
like the vascular bundles of Monocotyledons, : over the 
ground-tissue which is thus;, .undifferentiated into cortex, 
pericycle, pith and medullary rays ; in the stem of, a Dico- 
tyledon, the vascular bundles are generally arranged in the. 
form of a circle and hence the ground-tissue is differentiated 
into cortex, pericycle, pith and medullary rays. (2) The 
vascular bundle of the stem and that of the root of a Fern 
consist of phloem entirely surrounding the xylem ; in Mono- 
cotyledons & Dicotyledons,, the xylem and phloem lie side 1 
by side. (3) Fascicular cambium and cork-cambium are 
absent in Fern and generally in Monocotyledons ; in Dico-' 
tyledons, they are present. (4) The phloem of a Fern 
consists of sieve-tubes, ivithout companionrcells and paren- 
chyma and the xylem .consists generally of scalariform 
tracheids and parenchyma ; ,the phloem of a Monocotyledon, 
and Dicotyledon consists ; generally of sieve-tubes with 
companion-cells , parenchyma and sclerenchvma and the 
xylem consists generally of vessels, parenchyma and scleren- 
chyma, though tracheids may also be present. 

(b) Sporophylls & Sexual organs. 

(1) The sporophylls of a Fern are generally similar 
to the foliage-leaves and are hot grouped together into 
flowers ; in a Monocotyledon & Dicotyledon, the structures 
of the sporophylls are generally quite different from those 
-of the foliage-leaves and the sporophylls are aggregated 
into flowers. (2) In a Fern, the spores (macrospores and 
microspores} are set free from the sporangia ; in a Mono- 
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cotyledon & Dicotyledon, the macrospore is never set free- 
from . the macrosporangium and hence the germination 
of the macrospore and the fertilisation of the female gamete 
take place within the macrosporangium which, after the 
fertilisation of the female gamete, is known as the seed, 
a bod}? not formed in a Fern as the macrospore of a Fern 
is always set free from the macrosporangium. (3) The 
sporangia of Ferns occur in sori which are covered by a 
structure called the indusium ; the sporangia of Monocoty- 
ledons & Dicotyledons do not occur in sori and they are 
not covered by indusium. (4) The macrosporangia of a 
Fern lie exposed on the macrosporophyll ; in a Monocoty- 
ledon & Dicotyledon, the macrosporangium lies enclosed 
within the macrosporophyll. (5) In a Fern, the male and 
female sexual organs are highly differentiated ; in a 
Monocotyledon & Dicotyledon, the sexual organs are 
represented by a few cells. (6) In a Fern, the male gamete 
possesses many cilia by the movement of which it ap- 
proaches the female gamete ; in a Monocotyledon & Dicoty- 
ledon, the male gamete possesses no cilia and it is conveyed 
to the female gamete through a structure known as the- 
pollen-tube developed from the microspore after the micro- 
spore falls to the stigma. 

Structure of the embryo. 

In a Monocotyledon 8 c Dicotyledon, the body of the 
embryo is usually differentiated into one cotyledon in 
Monocotyledons and two cotyledons in Dicotyledons, a 
stem and a root ; a structure called the suspenses remains 
attached to the embryo. In a Fern, the body of the embryo 
is differentiated int© one cotyledon, a stem and a root ; 
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no structure like the suspensor of a Monocotyledon & Dico- M*' ' 
tyledon is found attached to the embryo but a structure jilt ii 

called the foot is developed from the embryo and the func- S;j 

-tion of the foot agrees to a great extent with that of the jij iy 
.suspensor, . . , f;j 

(D) Difference between the Monocotyledons and Dicoty- 
ledons (C. U. 1919). f: i 

(a) Seed and its germination. 

(1) The seeds of Monocotyledons have only one cotyle- 
don and endosperm is generally present in them ; the seeds ) i ‘ f 
of Dicotyledons, with some exceptions, have two cotyledons \ 
and endosperm is generally absent from them. (2) At the j , I 

time of germination, the plumule of Monocotyledonous ' 

.seed is pushed out of the seed by the elongation of the fj j! 

basal portion of the cotyledon, while in Dicotyledonous 
seed, this work is done by the hypocotyl. (3) In the ! , i 1 
development of the embryo, the cotyledon is terminal and 
the plumule lateral in a Monocotyledon ; in a Dicotyledon, 1 ; < 

the plumule is terminal and the cotyledon lateral. I | i , I 

\b) Root. . ' c-„- , V 

(1) The primary root in Monocotyledons seldom persists ! / 

and adventitious roots soon appear in its place, while 
Dicotyledons generally possess well-marked primary root. \ j , 

(2) The number of vascular bundles in Monocotyledonous 

root is much more than that in Dicotyledonous root. 1 1 

(3) In Dicotyledonous root, there is secondary growth in H ; 

thickness ; in Monocotyledonous root (with few exceptions) It 
there is no secondary growth in thickness. : I 

(c) Stem. . r 1 / | 

(1) The stem of a Monocotyledon is generally? under- | 
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around forming bulbs, conns etc. and even when the stem 
is aerial, it is but slightly branched ; the stem of a Dicotyle- 
don is generally aerial and much branched. (2) In a 
Monocotyledon, the vascular bundles of the stem, in trans- 
verse section, are scattered over the ground -tissue and 
except in a few cases, there is no secondary growth in 
thickness of the stem ; in a- Dicotyledon, the vascular 
bundles are situated in the form of a circle m transveise 
■ section and there is secondary growth in thickness of the 
stem. 

(d) Foliage-leaves. 

The foliage-leaves of Monocotyledons are generally 
simple, exstipulate and at the base of the lamina there is 
generally a well-developed sheath embracing the stem or 
branch; the venation is generally parallel. The foliage- 
• leaves of Dicotyledons are simple, compound or bicompound, 
often stipulate and the leaf-bases are seldom sheathing ; 

, the venation is generally reticulated. 

(e) Floral structure. 

The floral structure of a Monocotyledon can geneially 
be represented by the formula K3 C 3 A3 +3 G3 ; while in a 
Dicotyledon, it can be represented by the formula Ivn Cn 
An Gn, where n is 4 or 5. 

Inter. Questions from 1909-22. 

In what respects docs a hern differ from a Dicotyledon - 

(1012). 

2. What is the/ essential difference between the Fungi and 

Algae ? (im)- _ , ■_ 

3. How do Monocotyledons; differ from Dicotyledons . (C.U. 

1919). '■ 

4. Explain briefly the difference between Algae and Fungi. 
Give* examples to illustrate your answer. 


( tyfr ) 



39 * Write short notes on the following terms : — 

Achlamyd'eous : a lower wfthottt calyx and corolla. % : 

AcTINOMOREHJc ; ; a flower which can’ be divided into* 
similar halves by more than two planes passing through - 

its axis. ■ ' " ° |,j ■ 

1 ■ Adhesion' union between the parts of different whorls fe ’ 

of a flower et.g. when the stamens are attached to the petals. ; 

Albuminous seed : a seed with some albumen remain- 
ing jmtir its germination. jH; 

Aleurone grains (C. U. 1910) : grains found in the 
endosperm _of many seeds. Each grain generally consists- !, 
of two portions -one, known as the globoid , consists only 
of mineral matters, and the other, known as the crystalloid,. 
consists only of proteins. Sometimes the crystalloid may % , 
occur without the globoid. j'.1 : 

Amplexicaul (C. U. 1921) : a leaf with a sheathing base- r 1 

completely- encircling the stem or branch. [ ; 

Anatropous ovule (C. U. 1916) : an ovule with the apex 
drooping down in such a way that the micropyle and hilum ' ; 1 
are situated close to each other and the chalaza lies farther ! 

from the micropyle. - : r hi 1 ,; 

Apogamy : if in the life-cycle of a plant, the sexual 
1 organs are not formed so that the sporophyte is developed 
as a bud on the prothallus or from the unfertilised oosphere ; I }, ' ! 

.this condition is. known zs.afogamyi ’ :f||S: 

Apospory : if in the life-cycle of a plant,, the spores- 
are not formed so that the prothallia are developed directly 
from the sporangia or from the placentas or from anv por- f j ! - 
tion of the body of the plant ; this condition is known as- 
apospory. 

Aril (C. U. 1920) : a third seed-coat. | ! 

Bordered pits (C. U. 1917) : in many xylem- vessels 
and tracheids, a circular area of the original wall is left \ | : 

unthickened. As the thickening is laid down on the ; , -l 

surrounding wall, each layer projects a little farther than ) ■ ' ' 

the last over this area. Fn surface view, the bordered pit | ' 

has the appearance of two concentric circles. ' ■ f 1 
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Enter : a leaf borne on the peduncle. 

hearing stalkless flowers. 

hearing flowers in the axi s. 

Cadres : a layer o, ^ * 

» fl£»e & * fa— <- • — 

tematic tissue ^ belwc ,.„ 

Cambium . a L Qwin^ to the activity of 

SStaSl S*> s rowth in thick “ ss “ a 

ber of a plant. . « \Tn<^ The term 

Hca^S??va^r iS %o„vc,,h into (oar outlet, by 

false paitit _ 19x6) : an unbranched stem 

bearing Tcluster of leaves at the top, as m Palms. 

Cohesion (C. U. 1910) : union b . etween t J} e memberb 0 
a whorl of. a flower e.g. gamopetalous corolla. 

Connective (C.U. 19x0):: a tissue between the Urn 

lobes of an anther. . . f - 

Cordate (heart-shaped) : if * hc ° cbe “ „ !■ 
pointed towards the apex and broad and notched at 

base. 

Corm (C U. 19x6) : a swollen underground stem the sur- 

sr«$r 
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•year, when flowering is over a new conn is formed by the 
accumulation of food materials in the basal portion of the i 

flowering shoot. In this way, the corns of two or three i 

years adhere together, - ' 

Corymb (C. U. 1913) : a racemose inflorescence with i 
the stalks of flowers of unequal lengths so that the flowers 
lie almost in a horizontal plane. 

Culm : a jointed stem. j 

Cun hate : a lamina which is gradually pointed towards 
the base and broad towards an abruptly pointed apex, I 

Decussate (C. U. 1915) : if the,successive pairs of opposite 
leaves are at right angles to each other. ' 

Deliquescent (C. U. 1917) : stem with cymose branching, J 

Dermatogen : well defined outermost layer of cells at 1 , 
the growing-point. ■ y . . v ... ... 1 

Diadelphous : two bundles of stamens formed by the j 
union of filaments. ' 1 

# Dichasium : a cymose inflorescence with two branches ! 
arising below the terminal flower. 

Dichlamydeous : a flower with both calyx and corolla. 

Dichotomous (C. U, 1915) : branching by two buds 
formed by the splitting of the terminal bud. 

Diclinous (or unisexual) : a flower with either androe- 
cium or gynaecium. 

Didynamous (C. U. 1919) : four stamens, two long and • 
two short. 

Dimorphism : occurrence of two kinds of flowers on ; 

different plants of the same species ,one kind of flower : 

possessing long style and short stamen and the other long • 
stamen and short style. 

Endosperm : a tissue containing food material for deve- | 
loping embryo lying within a seed. \ 

Entomophllous (C. U. 1917) : insect-pollinated. !j 

Epicalyx (C. U. 1919, 1920, 1921) : bracteoles occurring 
below the calyx of a flower. 

29 


1 
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Epigynous (C. U. 1916) : a flower with the gynaecium 
united with a cup-shaped thalamus. 

Epipetalous : stamens attached to the petals. 

TTr.inUvtP 1 C U. loxo) : a plant which grows on the bark 
‘of other plaits and derives nourishment either from the 
mineral matters deposited on the bark or from the paiti -It* 

of dust floating in the air. 

Exalbuminous : a seed in which all the food-storing 
tissue has been consumed by the developing embryo which 
lies in direct contact with the seed-coats. 

Excurrent (C. U. 19x7) : stem with racemose branching. 

Follicle : superior, one-celled, one-or few-seeded 
dry dehiscent simple fruit formed from a monocaipellary 
ovary, dehiscing by one suture only. . 

Funicle : stalk to which the seed is attached. 

Gamete (C. U. 1910, 1921) : sexual mass of protoplasm.. 

Gametophyte : in the life-cycle of a plant, the stage 
which produces the gametes. 

Geotropism (C. U. 1910) : directive action of gravity 
on plant-organs. „ , 

Graft (C. U. 1917) : a young shoot, the graft, °* one 
plant is fixed to the stem or branch of another allied 
plant, the stock ; the graft is subsequently separated fiom 
the stock and grows into a new plant. 

; Guard-cells . (C. U. 1917) : cells enclosing a stoma. 

Glume (C. U. 1920} : a bract at the base of inflorescence 
of plants like Grass. 

• Gynandrous (C. U. 1921): stamens attached to the 
gynsecium. 

Hastate : a lamina pointed towards the apex and 
Hollowed at the base into two acute lobes which are situated 
more or less at right angles to the petiole. 

Haustoria : root-like structures of some parasites. 

Hard bast : fibrous sclerenchyma belonging to the 
primary cortex and lying outside the phloem. 
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Heliotropism (C. U. 1917) : directive effect of light 
on growing plant-organs. 

Hypanth odium (C. U. 1921) ; a racemose inflorescence 
with a cup-shaped axis bearing flowers on the inner surface 
of the cup. 

Hypogynous (C. U. 1916, 1919) : a flower in which the 
gynaecium is situated above the androecium, corolla and 
calyx. 

Interpetiolar stipules (C. U. 1919, 1920) : stipules of 
two opposite, leaves uniting to form a whorl with the leaves. 

Integument : coat of the ovule. 

Imbricate : if the margins of some leaves overlap 
others in a bud. 

Imparipinnate : a pinnately compound leaf having a 
leaflet at the top of the common stalk. 

Involucre (C. U. 1921) : a circle of bracts at the base 
of an inflorescence. 

Isobilateral : a flower which can be divided into 
similar halves through two planes. 

Labellum (C. IL 1919, 1921) r In Orchids and some 
other flowers, a well-differentiated leaf forming the land- 
ing place for insects. 

Lanceolate : an elongated lamina which is gradually 
pointed both towards the base and apex. 

Latex : milky, sometimes watery or yellowish, liquid 
^ occurring within a laticiferous tissue. 

Legume (C. IT. 1919.) : superior, one-celled, one — or 
many-seeded, rnonocarpellary, dry, dehiscent, simple fruit 
dehiscing by both ventral and dorsal sutures. 

Lenticel : an organ in the cork to communicate air, 
water-vapour and gases. ' 

Leucoplast (or Leucoplastid) ; : a colourless plastid 
generally occurring in the parts of plants which are shut 
up from light. On being exposed to light, it becomes 
chloroplastid. : Its function is to prepare starch from, 
soluble carbohydrates. 
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Ligule :a membraneous siructure p i an ts 

junction of sheathing petiole and blade genera y P 

“ L G „«»t„m : a kind of legutne con 

seeds ; sometimes lomentum may be mdehiscent 

ZOC LomcuLES : generally two small green scales represent- 
ing the perianth of the flower of Grass. 

Monad.lph.no (C. U. . f o) = * w,.h Moments 
united together into a single bundle. 

Monocllamydeous (0. U. x 9 x S ) : a flower possessing 

either calyx or corolla. fl „ 

Monoclinous (or bisexual or hermaphro i c ) • 
possessing both androecium and gynscium. 

P Monoacicl C. V. .,>5) ■ * plan, bearing stagnate 

and pistillate flowers. . . 

Mucronate (C. U. x 9 x S ) : rounded apex of a lamma 
with a short hard or soft point at the centie. 

Sectary • a gland situated generally on the thalamus 
JS, .. other parts of a flower. It secretes 

odorous or sweet liquid to attract insects. 

Nucellus (C. U. x 9 2x) : a tissue surrounded by the 

****** °y h u.Toio> : a granular body, probably 
a form of reserve food, occurring in the moslios ol chro- 
matin-network of nucleus. , 

nrhrea (C U. xoai) : a tubular sheath formed round 
the btTof the internode by the union of the margins of 

StiP OcTANTS : eight cells produced from the division of the 

oospore and giving rise to the. embryo. 


*1 J 
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Offset : a short and stout branch which, arising" || 

in the axil of a foliage-leaf, grows horizontally on the || 

surface of the ground giving off, at intervals, small scale-* 
leaves and a cluster of adventitious roots. p 

Ovate; a lamina which is more or. less rounded to-. 
wards the base and pointed towards the apex. : 

Palisade parenchyma: two or more rows of cells i : 
elongated at right angles to the surface of the lamina and 
containing a large number of chloroplastids. 

Pollinia (C. U. 1921).: masses of pollen-grains as in 
Orchids. k 

Papilionaceous (C. U. 1920, 1921) : an irregular poly- 
petalous corolla composed of five petals, one of which is 
posterior and commonly larger than the others and is termed 
the standard or vexillum. In front of the standard, there || 
are two petals which are usually more or less united and | ; 

form a somewhat boat-shaped cavity known as the keel 1 1 

or carina. On the sides of the. keel, there are two petals ; 
constituting the wings or alee. [• 

Pappus : hairs representing calyx. a jn : 

Parasite: a living organism deriving food material : 
from another living organism. f j 

Paripinnate : a pinnately compound leaf having no 
leaflet at the top of the common stalk.. || 

Parthenogenesis : process by which a sexual cell f; v 
develops into the normal product of fertilisation without a \ ' 
preceding sexual act. 

Pedate : a palmately veined simple leaf in which the j, ; 
veins of the first order are also palmately branched. 

Pedicel : the stalk of a flower. , 1 

Peduncle : the main axis of the inflorescence. 

Peltate (C. U. 1916) : a palmately veined, more or less N 
circular simple leaf in which the petiole is attached to the ji 
middle of the lamina. ' {: ' 

x Periblem : a layer or several layers of cells between i 
the dermatogen and plerome. | 


I 
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A. 


Pericarp : the portion of the fruit outside the seed. 

Perigynous (C. U. 1916) : a flower with a flattened or 
cup-shaped thalamus bearing the sepals, petals and 
stamens on the edge of the plate or cup and the carpels 
at the base of the cup or in the middle of the plate or on 
an outgrowth. 

Perisperm : a portion of the nucellus containing food 
material for the developing embryo. 

Phellogen (or cork-cambium) : a meristematic tissue 
which produces cork and generally secondary cortex. 

Pinnatifid : a pinnate, type of lamina with the incision 
reaching less than half the distance between the margin 
and midrib, 

Pinnatipartite : a pinnate type of lamina with the 
incision reaching more than half the distance between 
the margin and midrib. ';■> 

Pinnatisect : a pinnate type of lamina with the incision 
almost reaching the midrib. 

Plerome (C. U. 1910) : a solid mass of somewhat elongat- 
ed cells occurring in the centre of the growing-point. 

Procambium : elongated cells of the plerome which 
subsequently give rise to the vascular bundles. 

Prothallus (or Prothallium) ; gametophyte genera- 
tion of plant, 

Protandry : ripening of the anther of a flower before 
the ripening of its ovule. 

Protogyny : ripening of the ovule of a flower before 
the ripening of its anther. 

Protophloem : first differentiated phloem from the 
procambium. 

Protoxylem : first differentiated xylem from the pro- 
cambium. 

Pulvinus (€. U. 1921) : a cushion of tissue at the leaf- 
base. 

Racemose (C. U. 1915) : Branching: if the main axis 
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of the plant continues its growth and is not overtopped by ||, 

any of its branches. Inflorescence : when the main axis U 

of the inflorescence is never terminated by a flower and 
continues to grow steadily onwards developing laterally ■ | 
flowers or branches bearing flowers. jj' 

Rachis : stalk to which the leaflets of a compound j 
leaf are attached. ' I 

Reniform : a lamina with a rounded apex and notched . i 
base which is more or less elongated transversely. ; 

Rhizoid : structure functioning as root. : 

Rhizome : an underground stem growing horizontally : ; 
just below the surface of the ground and bearing scale- 
leaves, buds and sometimes adventitious roots. 

Runcinate : a pinnately veined simple leaf with a 
large triangular apical lobe and gradually smaller basal 
lobes which point downwards. 

Samara (C. U. 1916) : superior, two — or more-celled, 
one — or few-seeded dry, indehiscent simple fruit in which 
the pericarp is flattened out into a thin membrane. 

Saprophyte (C. U. 1917) : a living organism obtaining 
food from decaying organic matter. 

Sagittate : a lamina pointed towards the apex and 
hollowed at the base into two acute lobes which point 
downwards. | 

Scape (C. U. 1916) : a peduncle arising at the level of or 
under the ground. I \ f 

Scutellum (C. U. 1910) : an outgrowth from the cotyle- \ i; 
•don of a monocotyledonous seed ; through the scutellum, 
the embryo draws nourishment from the endosperm. 

Silicula : a superior, falsely two-celled, many-seeded, 
broad and short fruit dehiscing by two valves which 
separate from below upwards and leave the seeds attached 
to two parietal placentas which are usually connected * \ 
together by false membrane called the replum . H 

Siliqua (C. U. 1916) : a superior, falsely two-celled, 
many-seeded, long and narrow fruit dehiscing by two valves jt ; 
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which separate from below upwards and leave the seeds- 
attached to two parietal placentas which are usually con- 
nected together by a false membrane called the replum . 

Sinuous anther (C. U. 1920) : undulating anther as in 
Cucurbitaceae. 

Sieve-tube (C. U. 1917) : a tube formed from a row of 
cells, the wall common to two adjacent cells possessing 
a number of apertures ; the common wall is known as 
the sieve-plate on both sides of which lies a thin layer of 
a peculiar substance known as the callus . 

Sorosis (C. U. 1916, 1921) : a succulent or woody com- 
posite fruit formed by the close union of the flowers with 
the axis of the inflorescence. 

Sorus (C. U. 1921) : a group of sporangia. 

Spadix (C. U. 1919) : a racemose inflorescence consist- 
ing of a fleshy axis which usually bears both male and fe- 
male flowers and which is generally enclosed or subtended 
by a large bract called the spathe. 

Spate ulate : a lamina which is broad and rounded 
at the apex and is gradually drawn out towards the base. 

Spathe : a bract subtending or enclosing the inflores- 
cence known as the spadix. 

Spicate : flowers arranged in a spike or like a spike. 
A spike consists of an axis bearing stalkless flowers. 

Spongy parenchyma (C. U. 1910) : parenchymatous 
cells of lamina with copious intercellular spaces. 

Spore (C, U. 1910) : asexual reproductive cell. 

Sporophyll : a spore-bearing leaf. 

Sp'orophyte : in the life cyle of a plant, the stage which 
bears spores. 

Staminode (C. U. 1920, 1921) : a functionless or rudi- 
mentary stamen. 

Stele : strand or cylinder of tissue developed from the 
plerome and giving rise to vascular bundles. 

Stipules: a pair of outgrowths, one on each side of 
the leaf-base. 
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Stolon (or Runner) C. U. 1916, 1921 : a branch which 
arises in the axil of a foliage-leaf, grows horizontally' on 
the surface of the ground, and produces, at intervals, scale- 
leaves and adventitious roots. \ 

. Stomata: apertures largely present in the epidermis 
of the leaf of sporophyte. Each stoma is bounded by two, 
sometimes one, specialised epidermal cells known as the 
guard-cells. 

' Subulate : a very narrow lamina which is gradually 
pointed from the base to a very fine point. 

Sucker : a branch which arises below the level of the 
ground, then grows upwards and develops roots and aerial 
shoots. 

Suspensor : a tissue which, by development, pushes 
the embryo into the cotyledon. 

Symbiosis : association ,for mutual advantage, of a 
chlorophyll-containing plant with a plant which does not 
possess chlorophyll. 

Syngenesious (C. U. 1919) : united anthers, the filaments 
remaining free. 

Tendril (C. U. 1921) : a thread-like structure by which 
a plant climbs up a support. 

Tetradynamous (C. U. 1919. 1920) ; six stamens, four 
of one length and two of another. 

ThalJus (C. U. 1921) : a plant-body which is not differen- 
tiated into distinct members. 

Tuber (C. U. 1919) : a swollen underground stem or 
branch containing a large amount of food material and 
bearing on its surface a number of buds called the eyes. 

Umbellate (C. U. 1915) : flowers arranged in. an umbel 
or like an umbel. An umbel is a racemose inflorescence 
with a compressed axis bearing flowers which are placed 
on stalks of more or less equal lengths, the bracts of the 
: flowers forming usually an involucre. 


Valvate : if in a bud, the leaves touch one another 
by their margins. * ‘ 



I 
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Vernation (C. U. 1919): mode of arrangement of leaves 
•with respect to one another in a vegetative bud. 

Verticillaster (C. XL 1921) ; a peculiar form of eymose 
inflorescence consisting of either sessile or short-stalked 
flowers apparently arranged in whorls round the stem. 
Each whorl consists of two clusters of flowers in the axils 
of bracts. Each cluster has its oldest flower in the middle 
and is therefore eymose. In its first branching, it is a 
dichasium but in its later branching, it is a monochasium , 

Zygomorphic (C. U. 1917) : a flower which can be divided 
into similar halves by only one plane. 

40 - Describe the following Natural orders : — 
•Graminese, Cyperaceae, Palmace m, Aracem, Lemnaceje, 
COMMELYNACEJE, Liliaceae, AMARYLLIDACEA.fi, iRIDACEfi, 
Scitaminaceae, Orchidaceae, PlPERACEfi, Urtlcaceae, PoLY- 
G0NACE2E, Amarantaceae, Nyctaginaceje, Portul ACACEfi, 
Cary oph yllace as, Nymphaeage^, Rahuncu lace^e, Men- 
ispermaceas, Magnoliaceje, Anonacese, Papaveraceae, Cap- 
PARlDACEiE, Cruciferse, ROSACE#, Leguminosae, Gerania- 
ceae, OxA-LlDACEfi, Rutacese, Euphorbiaceae, Anacardiaceae, 
Sapindaceae, Vitacejs, Rhamnaceae, Tiliaceae, Malvaceae, 
Sterculiaceae, Pas siflo race ae, Begoniaceae, Cactace.e, Lythra- 
cese, Combretaceae, Myrtaceas, Umbelliferae, Safotaceae, 1 
Apocynaceae, Asclepiadaceae, Convolvulaceai, Boraginaceae, 
Verbenaceae, Labiate, Solanaceae, Scrophulariaceae, Bigno- 
niaceae, Acanthaceae, Rubiaceae, Cucurbitaceae, Campanul- 
ACE/E, Compositae. 


MONOCOTYLEDONS. 

Cohort ; Glumiflorae. 

Flowers naked, rarely with hair-like or true perianth covered by 
■glumes ; ovary one — locular with one ovule. 

Natural Orders : Gramineae & Cyperaceae. 
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GRAMINEiE (Monocot.) Fig 233. 

(C U. 1909, 1912, 1913, 1915, 1918, 1920). 

(Words in italics denote distinguishing characters ). 
Examples : m (Dhan, Oryza sativa) ; ^jjgj (Bhutta, Zea 
Maize) ; (Akh, Sugarcane, Saccharum officinarum) ; spr 
(Jab, Oat, A vena sativa) ; W (Gom* Wheat, Triticum 
vulgar e) ; (Bans, Bamboo, Bambusa arundinaced ). 

Floral Formulae : K 0 C 0 A 3 ^ 0 G^ or if the lodicules be 
considered as representing the perianth, K 0 C 0+2 A 3 * 0 G_i; 

Description, 

Habit : herbs, a few e.g. bamboo, almost tree-like, often 
with hollow internodes and solid joints at the nodes. 
Leaves ; simple, sessile, parallel-veined, alternate, ligulate 
with leaf-base encircling the stem. Inflorescence : 
spikelets, at the base of which a number of bracts, called 
glumes , are present ; the spikelets are again arranged in 
spikes, racemes or panicles. Flowers ; hermaphrodite 
or unisexual ; rarely each is enclosed by two bracts called 
palm . Perianth : absent or represented by a few (generally 
2) small green scales called lodicules. Androecium : sta- 
mens generally 3, hypogynous with long filaments and 
large versatile anthers. Gynaecium : carpel one , ovary 
superior, unilocular with one ovule ; stigma, hairy. Fruit : 
xaryopsis. Seed : embryo at one side of the endosperm. 

Pollination : Mostly wind-pollinated. A few e.g. 
wheat are self-pollinated by producing cleistogamous 
flowers in damp weather. 

Distribution : A very large Order with over 300 genera 
all over the world, mainly over great tracts in the temperate 
regions. 

Affinities : The nearest allies of Graminese, in both 
habit and structure, are the Cyperacece. The structure 
of the seed of Gramineae approaches that" of Aracem. The 
stems of Bambusa (Gramineae) have the habit even of 
some Palmacem. f , : ‘c A., ■ 
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Ni ss s &s%* s*. 

many of the wants of the natives of tropical countuc. . 

Inter. Questions on, Gratnineae from 1909- 22 * 

reasons for your answer : the Mustard p-anr. 

olant the Rice plant. (C. U, 191 2 )- . 

P 3 ■ Give the characteristics of the Natural Order Orannneae. 
Describe any common plant belonging to tins Order. (C. L . xo 3. 

4 . Describe in detail the characteristic features of the Natu a 

Order, Gramineae. (G. U. 1915)* ^ tr TT 

■ n^K. oo fiiiWasvoucan the family — Gtamtneac (0 U. 


istics .of the Natural Order, Gy ami 


CYPERACEAE (Monocot.) Fig. 224 

in italics denote distinguishing characters) 
(Mutho, Cyperus rotundus). 

K 3 C 3 A 3+0 or 3 %, or in un 


. . (Word! 

Example 

Floral Formula 
flowers, K„C 0 A 3 .|.o and KoC(,G(n) or W- 

Description. 

Habit: Grass-like plants, mostly po 
generally solid, cylindrical or 3— corner* 
three rows of leaves. The leaf is shea 
but the sheath is tubular and entire, 
Grass. Inflorescence : spikelet. Iaow: 
or unisexual, each is borne in the axil of 
anth : absent or of 3-6 or more hyp< 
scales. AndroecxuiI i stamens i~ 3 - 
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pels 3 or sometimes 2 forming a r-locular ovary which con- 
tains x erect, anatropous ovule. Fruit ; achene. Seed : 
embryo enclosed in the endosperm. 

Pollination : Mostly wind-pollinated. 

Affinities : Cyperaceae resemble GRAMiNEiB in many 
respects but they have several marked distinctive charac- 
ters e.g. tubular leaf -sheaths, usually angular and solid 
stems , general reduction of the perianth and the embryo being 
enclosed in the endosperm. From Restiaceje, they are 
distinguished by the erect seeds, 1 — locular ovary formed of 
2 or 3 carpels arid the leaf sheaths not being free at the edges # 

Distribution : Universally distributed, especially in 
marshes and running streams. 

Properties & Uses : The plants of this Natural Order 
are of little economic value. Some have bitter and astring- 
ent properties, while others can increase perspiration. 


' . Cohort : Principes. 

Flowers usually cyclic, trimerous, hypogynous, regular or rarely 
zygomorpMc. Stamens usually 6. Carpels 3, usually each with 
1 fleshy ovule. Inflorescence, a simple or compound spadix. 

Natural Order : Palmace;e. 


PALMACEAE (Monocot.) Figs. 225, 226, 227. 

(Words in italics denote distinguishing characters). 

Examples : sta (Tal, Borassus flabellifer ) ; 
(Narikel, Cocoanut, Cocos nucifera) ; (Khejur, Date, 

Phoenix sylvestris) . 

Floral Formula : P 34 . 3 A 3+3 G ( s ) or s . 

Description. ; . v ' : ; . 

Habit: Trees or shrubs, generally unbranehed with a 
terminal cluster of leaves, the stalks of which are sheath- 
ing at the base. Inflorescence : generally a branched 
•spadix, sometimes a panicle. Flowers : hermaphrodite 
or unisexual. Perianth : two-whorled, each whorl con- 


sists of 3 sepaloid leaves. Androecium : stamens usually 
6, sometimes 3 or numerous, hypogynous or perigynous. 
Gynjecium : carpels 3 which are free or united into 1-3 — 
celled ovary ; ovule 1-2 in each carpel, anatropous ; stigmas 
3 usually sessile. Fruit : 1 -seeded drupe or berry, v Seed : 
large with a minute embryo embedded in a horny, fleshy 
or bony endosperm. 

Pollination : wind-pollinated or insect-pollinated. 

Distribution : mainly tropical. 

Affinities : The stem of Calamoid Palms bears much 
resemblance to that of the Bamboo (Graminece). The 
spadiciform inflorescence unfolding from within a large 
foliaceous spathe and the structure of the perianth connect 
the Palms with the Aracea . The two-whorled trimerous 
'perianth, 6 stamens and 3 — carpellary superior ovary, 
approximate Palmaceas to the Liliacea ? but the habit, 
fruits and seeds of Palraacese differ in almost every respect 
from those of the Liliacese. 

Properties & Uses : The plants of this Natural 
Order possess juices and secretions which furnish sugar, 
starch, oil, wax and resins ; fermentation .of the juices of 
many produces spirituous liquids . Some have edible 
fruits of great importance. The buds of others are 
sometimes used as food. The leaves of many plants are 
applicable to countless uses, from thatching huts to 
plaiting mats and hats. The fibrous substance of the 
sheathing petioles furnishes materials for cordage, or, 
when more solid, supplies a valuable substitute for bristles 
and whalebone. The fibrous husks of the fruits afford 
textile materials. The stems of some kinds are used in 
building but do not yield plank-timber. 


Cohort : SPATHIFLORiB, 

Natural Orders : Arace;e & Lemnace m. 

ARACEJE (Monocot,} Fig. 228. 

(Words in italics denote distinguishing characters ). 
Examples ; (Kachhu, Colocasia Antiquorum) ; 
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{Man Kachhu, Alocasia indica) ; vsst ( 01 , Amorphopha - 
Mils campanulatus). : 

Floral Formula : K n CnA n +nG{n) where n =2 or 3. 
Description. 

Habit : Herbs with aerial stems, tubers or rhizomes^ 
climbing shrubs, climbing epiphytes, marsh plants and 
one water plant. Leaves: simple or compound, pinnately 
or palmately divided. Inflorescence : spadix generally 
with a spathe. Flowers: generally unisexual, sometimes 
hermaphrodite; when unisexual, the staminate flowers 
occur above the pistillate flowers. Perianth : absent or 
represented by 4-6 scales. Androecium : stamens 1-8, 
the filaments and anthers of which are generally united 
into .a single bundle ; staminodes are often present and these 
may also be united into a single bundle. Gyn.®cium 
carpels united in a 1-3-celled ovary ; ovules in each cell, 
one or more. Fruit: a berry. Seed : possesses a large 
endosperm but is sometimes exalbuminous ; embryo 1 
straight and minute. 

Pollination : Mostly insect-pollinated, protogynous. 

Distribution : Mostly tropical. 

Affinities : Some genera of this Natural Order resemble 
the Typhacece or Cyperacece , others have relations with the 
Pandanacem and Palmacece. From Naiadacece , in which 
the inflorescence is hardly spadiciflorous, the Aracese are 
easily distinguished by the character of their seeds. The 
Lemnacece are closely related to this Natural Order. 

Properties & Uses : The juices of the Aracese are 
generally acrid and dangerous, some are very poisonous 
but the poisonous principles are dispelled by heat. The 
conns and rhizomes of many contain starch and are 
used as food. 


LEMNACEAE (Monocot.) Fig. 229. 
(Words in italics denote distinguishing characters ). 
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‘Description. 

Habit : free swimming perennial water-plants with 
no leaves. Inflorescence : consists of two male flowers 
and one female flower lying naked or enclosed in a mem- 
braneous spathe. Flower : Unisexual, monoecious. 
Perianth : absent. Androecium : stamen i in male 
flower. Gyn^cium : carpel i in female flower; ovary 
i-locular containing 1-6 ovules. Fruit : one or more- 
seeded utricle. Seed : contains a kind of lid and small 
amount of endosperm. 

Affinities : Related to Aracece and Naiadacece. 




Cohort : Farinose. 

Flowers cyclic. Perianth 2-whorled, each whorl usually con- 
sisting of 3 parts. Stamens 6, or one whorl of 3 or all but 1 are 
sometimes absent. Ovules often orthotropous. Endosperm mealy. 

Natural Order ; Commelynaceb. 

COMMELYNACEAE (Monocot.) 

Description. 

Habit ; herbs with jointed stems and sheathing alter- 
nate leaves. Inflorescence : usually a scorpioid cyme. 
Flower ; usually regular, blue and hermaphrodite. 
Calyx: sepals 3. Corolla: petals3. Androecium: 
stamens 6, all fertile or some abortive, the filaments are 
sometimes clothed with hairs. Gyn/BCIUM : carpels 3, 
or sometimes 2, united* in a 3 or 2-celled superior ovary ; 
ovules orthotropous, solitary or few in each. loculus. 
Fruit : capsule or indehiscent. Seed : endospermous, 
often arillate. 




Cohort : Liliiflorjs. 

Flowers cyclic, each whorl usually consists of 3 parts but some- 
times 4 or 5 parts. Stamens usually 6. Ovules often anatropous. 

Natural Orders : Liliace/E, Amaryllidace.e, Iridace^e. 


' TfU 
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LILIACEAE* (Monocot ) Figs. 230, 231, T i 

232, 233, 234. ’ 

(Words in italics denote distinguishing chara. ). 

Examples: (Satamuli, Asparagus racemosus) ; 

((Piyaj, Onion, Allium Cepa) ; (Lashun, Garlic, 

Allium Sativum) ; (Bishalanguli, Gloriosa superba)i 

Floral Formula : P ^ A ^ G ^). 

Description. 

Habit : chiefly herbs with perennial underground bulbs 
or rhizomes ; a few are shrubs or trees. Leaves : simple, 
sheathing, parallel-veined. Inflorescence : racemose or 
cymose, sometimes an umbel of cymes ; bracteoles are ab- 
sent. Flowers : hermaphrodite, hypogynous . Perianth : 

2-whorled, each whorl consisting of 3 parts which are free ■ 

or united, generally petaloid. Androecium : stamens ■ 

usually 6 with introrse anthers. Gyn^bcium : carpels 3, 

•united ; ovary usually superior, trilocular, placentation 
axile, with a double row of usually anatropous ovules in 
•each loculus. Fruit : a capsule or a berry. Seed : endos- 
•permous. IJvN 

Pollination: insect-pollinated; there are nectaries 
at the base of the petals or on the carpels. ; 

Distribution : universally distributed. 

Affinities : The superior ovary of the Liliaceae separates 
them from Amaryllidacece. The plants of the Liliaceae 
have a more distant afflnity to the Palms and Juncacece . 

Properties & Uses : Many of the Liliaceae have 
active properties and their juices, fibres and fruits afford 
products of value in the arts. Many are poisonous with 
acrid, purgative, emetic and sometimes narcotic action. 


AMARYLLIDACEiE (Monocot.) Figs. 235, 236. 


(Words in italics denote distinguishing characters). 
Floral Formula : P(s +3 )A S4 . 4 G?3). 
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Description. 

Habit : perennials, with bulbs or -rhizomes, many xero- 
phytic. Inflorescence : cymose, often a cymose umbel, 
usually borne on a scape. Flowers: hermaphrodite, 
epigynous. Perianth : two-whorled, each whor coasting 
of I' parts petaloid, sometimes with a corona. Andkcecium . 
stamens 6 attached to bases of perianth segments, anthers- 
carpels 3 united . ova™ 

with axile placentation and numerous anatropous ovules.. 
Fruit : capsule or berry. i 

Distribution : Chiefly South African and South 
American plants. Affinities': This Natural Order differs 
from Liliacea by possessing inferior ovary and from Indaceei 
by possessing 6 stamens and introrse anthers. 

Properties & Uses : Some are emetic, purgative and 
even poisonous. The roots of some plants yield starchy 
Some plants possess sugary sap and excellent fibres m the 
leaves. 


IRIDACEAE (Monocot.) 

(Words in italics denote distinguishing characters). 

Example : **151 (Dashbaichandi, Belamcanda- 

chinensis). 

Floral Formula : P( GIT). 

Description. 

Habit : perennials, with rhizome or corm (not bulb). 
Leaves : generally in two rows, and successive leaves overlap 
at both sides. Inflorescence : solitary or cymose. 1< low- 
ers : hermaphrodite, epigynous. Perianth: two-whorled, 
consisting of 3 parts, petaloid and joined m a tube towards 
the base. Andrcecium : stamens 3, anthers exfrotse. Ov- 
NiECiUM : carpels 3 united ; style branched at the top, 
sometimes petaloid ; ovary inferior with numerous anatro- 
pous ovules ; placentation axile. Fruit : capsule. Seed . 
endospermous. 

Pollination : The pollination of an Iris is specially 
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interesting. The stigmatic surface is on a little flap on tjie 
petaloid style, not far from its tip. The stamens are hidden 
under the styles and dehisce extrorsely. In order to reach 
the honey at the base of the perianth-tube, the insect sits 
on one of the outer perianth leaves and pushes its body 
between the perianth and the stamen above. The stigma 
is touched as the insect enters the flower, and any pollen 
which may be on its back is scraped off by the flap, which is 
closed by the insect as it leaves the flower, so that self- 
pollination is prevented. 

. Distribution : Chiefly found round the. Mediterranean,. 

> in South Africa, Australia and tropical America. 

Affinities : The Iridacese approach the Amaryllidacecv 
which, however, have 6 introrse stamens. The same 
character separates the epigynous BromeliacecB. OrcJiidacecz 
differ in the gynandrous structure ; Zingiberacecz in 
their monandrous state as also in the character of their 
foliage. The Burmanniacecz and Xyridacecz differ in the 
‘ position and number of the stamens. 

Properties & Uses : The juice of many of these plants 
is more or less acrid, purgative or emetic. Saffron consists 
of the stigmas of Saffron Crocus. Orris-root, used in 
. perfumery, is the rhizome of Iris florentina . Some genera 
of this order yield garden-bulbs while others are more 
remarkable for their beautiful flowers. The corms and 
rhizomes of some are said to be eaten, on account of the 
starch they contain, by the Hottentots and other races. 

Cohort : Scitamine.®. 

Flowers cyclic, trimerous, often with reduction of androecium 
even to i stamen, usually epigynous and zygomorphic; ovary 
usually 3 — locular with large ovules seeds usually with arils and 
with endos:x rm and perisperm. . , 

Natural Order ; Scitaminaeese, 

SCITAMINACEAE 1* 

. or ► (Monocot.) Fig. 68 (2). 

ZINGIBERACEAE j 

Examples : , (Ualud, . Turmeric, Curcuma longa);. 
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„ mtw1 (Amada, Curcuma Amada) ; (Bhuichampa, 

dinacea). , qt ~\ 

Floral Formula : 1^303^2 or 0+1+2 13 > # 

' Habit : herbaceous perennials with a crcepingr izome. 
Leaves: broad, with a shea *^ P^^emose with spatha- 

veined. I^loeescence • s P^^^ r aUv ^ 

ceous membranous b £“*?‘ • - two-whorled, the outer 

phrodite, irregular. PlRI * . . x ~ narts * the parts 

' whorl generally sepaloid and consists f 3 P > ^ hich 

of the inner whorl are Pe^ 101 ^, “'^^odes Andrce- 
is free or attached to th^lgatod ^ainder^placed by 
cium : stamens only I pe , ’ - th the s i x th imperfect or 
petaloid stammodes, or 5 P . Gynajcium : carpels 

^developed ! anthers - w/m0 , 

3 united m a Silled, c y apsu le or indehiscent, usually 
ovary, h ruit : a s-valyea^^^ ^ Seed : often 
crowned by the remains of the periantn. 

- arillate, endospermous. 7mr . 

Scitaminacese is divided into three > ^ 

BERiE • (2) Muse.® ; (3) Cannes 01 Makant 1 ■ 

Zingibers : e 1 xa ™ pl |’ ta men S ad dn( Z tw g o lb ' whorls*, ^the 
Calyx: gamosepHous ^Sd ‘staminodes, one being 

pLfecTS tte oSer two unite to form a statute called 

. the Kantalikela (Musa 

Muse* • , t P ar ' e almost shrubby and very large, 

sapientum) . Plant al thi petio i es which conj omtly 

Leaves : large w g^g****** Inflorescence : spike, 
form a sort ° f ( alse S ,, base of the spike, perfect m the 
Flowers : pistillate at th • bracts generally coloured, 

ndddleandstawateat^top.togs^ 0 ftbe inner 

wh"“?mau“ absent. ' Fruit : a berry hiving no seeds m 

t ***&. "**■ sarbtoiaya 
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(Canna indica). Flower : asymmetrical. Calyx : sepaloid. 
Stamens : 6, the posterior one of the inner whorl perfect, 
rest become staminodes of which one is longer than others 
and is known as the labellum. Style' : petaloid. 

Distribution : Mostly tropical. 

Affinities : The Scitaminaceze are nearly related to the 
Orchidacece. 

Properties & Uses ; The Scitaminacese are remarkable 
for the pleasant, aromatic and stimulant qualities of the 
rhizomes and seeds. Some are astringent, some produce 
pulpy fruit, many yield starch and some produce colouring- 
matters. The leaves of some are used for thatching huts or 
split up for plaited work of all kinds . The fibre of the 
petioles of many leaves is a valuable material. 

0 — — 

Cohort : Microsperm^e. 

Flowers cyclic, trimerous, stamens often reduced to staminodes ; 
ovary inferior, 3 or 1 — locular with indefinite ovules in each loculus. 

Natural Order : Orchidaceae. 

ORCHIDACEAE (Monocot.) Figs 237, 238- 

(Words in italics denote important characteristics ) . 

Example : (Rashna, Vanda Roxburghii). 

Floral Formula: K 3 C 3 A 1+2 G(7y. 

Habit : generally perennial herbs ; the tropical forms 
are mostly epiphytes with serial roots, a few are saprophytes. 
The stem is either a rhizome or a tuber. Leaves : simple, 
alternate, parallel- veined. Inflorescence : spike, bracts 
present. Flowers : hermaphrodite, epigynous, very strong- 
ly zygomorphic ; in many cases, the ovary is so twisted 
that the anterior side of the flower appears to be posterior. 
Perianth : two-whorled, petaloid. The outer whorl is 
more or less regular, but the posterior leaf of the inner 
whorl, known as the labellum , is generally much developed ; 
the labellum serves as a landing— stage for insects. An- 
drcecium & Gynzecium : stamen i with 2 pollen-sacs ; at 
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the base of the stamen there is a little prominence known 
as the rostellum which represents an abortive stigma. The 
functional stigmas are two sticky patches to the side and 
slightly below. Within the rostellum are two sticky balls, 
attached by elastic stalks to the contents of the pollen-sacs. 
The. pollen-grains are in groups, united by threads, anddhe 
ends of these threads are collected together to form the 
elastic stalk of the pollen masses known as th t pollinia. 
At the side of the anther there are two small white protu- 
berances, known as staminodes, and they probably represent 
abortive stamens. The central part of the flower on which 
the stamen is borne is spoken of as the colitmn or igynqsiemi- 
uni. The ovary is unilocular with parietal placentation ; the 
ovules are very small and numerous. . FiRUtT : a capsule 
splitting by six slits, one on each side of the midribs of the 
carpels. The very light seeds are blown out and dispersed 
by the wind. Seed: exalbuminous with, an imperfectly 
developed embryo. 

Pollination. 

The flowers are adapted for cross-pollination by insects. 
An insect visiting a flower uses the labellum as the landing 
stage and thrusts its head into the spur. It cannot, how- 
ever, obtain any honey until it has bitten through the 
delicate membrane lining the spur, for there is no free 
honey. While doing this, the insect’s head will be bound 
to come in contact with the rostellum. The membrane 
protecting the two sticky discs splits, and is pressed down, 
so that they come in contact with, and become firmly 
attached to the insect’s head. The cement of the discs 
hardens so quickly in the air that they cannot be detached, 
and as the insect withdraws its head the whole pollinia 
are removed. The pollinia are at first upright, but in a few 
seconds they will be seen to incline forward. If the insect 
now visits another flower, the pollinia bv peculiar move- 
ments of stalks come exactly into contact with the stigmatic 
surfaces of the second flower. The whole pollinium does 
not adhere to the stigmatic surface, but some of the pollen- 
grains are torn from the threads, and the remainder may 
serve to pollinate another flower. 
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Distribution : A cosmopolitan Order, especially abun^ 
,dant in the tropics. 

Affinities : In some plants belonging to the Orchida- 
eeae, the perianth is almost regular so as to resemble that of 
some of the genera of Iridacece . The suppression of 2 out 
.of 3 stamens connects this Order with Scitaminacece where 
the same phenomenon exists in a different modification. 
Some plants belonging to the Aposiasiacece differ from some 
Orchids chiefly in the free condition of the upper part of the 
style and the 3-locular ovary. Lindley regards them 
as connecting Orchidaceas with Amaryllidacece through 
Hypoxidacece. 

Properties & Uses : The properties of these plants are 
generally unimportant. The tubers of some form nutritious 
food from the presence of a gummy substance. The most 
important plants, perhaps, are Vanilla planifolia and other 
■species, and a species of Sobralia, the dried pulpy pods of 
which furnish the Vanilla used for flavouring chocolate 
and confectionary. A few others are described as having 
medicinal properties of various kinds. 

DICOTYLEDONS. 

Cohort : Piperales. 

Leaves simple with or without stipules. Flowers hermaphro- 
dite or unisexual, very small in spikes. Perianth absent or one- 
whorled. Stamens 1 — 10. Carpels 1 — 4 free or united. 

Natural Order : Piperaceae. 

Examples : (Pan, Piper Betle) ; (Golmarich, 

Black Pepper, Piper nigrum). 

Description. 

Habit : herbs or shrubs with jointed stems ; usually 
aromatic. Leaves : opposite, whorled or, by suppression, 
alternate, with or without stipules. Inflorescence : 
catkin-like spike subtended by a bract. Flowers : herma- ; 
phrodit e or dioecious. Perianth : absent. Andrcecium : 
stamens 1 — 10. Gyn^cium : carpels 1—4 but generally 
.all the carpels except one are suppressed ; in such cases the 
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ovarv is i— locular with x basal orthotropous ovule. In 
nolvcarDellarv ovary, each carpel is many-ovuled. 
SJ'. „ . S iSdehiscent in the i-locotor species or coca 
or f "id“ta'Se polycar peliary species. Sn» : contains 
both perisperm and endosperm. 

Distribution : abundant in tropics and hottest parts 
of America and East India islands. 

Affinities • the Piperacea: are nearly related to the 
Chloranlhace.ce and are more dista-nbiy related to the 
Urticacece. The Piperacese may be regarded as connecting 
the Dicotyledons with the Monocotyledons throug xb 
Am they themselves being somewhat anomalous 
forms of Monocotyledons. 

Properties & Uses: Pungent, aromatic, stimulant, 
more or less astringent, purgative or narcotic. 


Cohort : Urticales. 

Inflorescence : cymose ; panicle. Flowers: cyclic ; “onochla- 
mvdeoas, rarely achlatnydeous, usually a-merous regular. Larpe 
X ovarv superior with 8 ovules. Fruit : a drupe or nut. 

Natural Order : Urticace®. 

UETICACEAE i Dicot.) Figs. 240, 241, 242. 

(Words in italics denote distinguishing characters). 

Examples : (Kantal, Jack-Fruit, Artocarpus 

integrifolia) ; ^ (Bot, Ficus indica ) ; (Asvattha, 

Ficus religiosa) ; (Dumar, Ficus Cunia) ; *1* 

(Bhang, Cannabis sativa) ; (Tunt, Monts Icevigata). 
Description. 

Habit : herbs, undershrubs or trees. Leaves : simple, 
alternate or opposite, stipulate. Inflorescence : cymose 
consisting of a fleshy, flat, concave or globose axis 
which is sometimes hollow and closed: Flowers : usually 
unisexual, monoecious or dioecious, or, rarely polygamous. 
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regular, - Perianth : sepaloid, generally two-whorled, each, 
whorl consisting of 2 parts which are usually free. Andrce-^ 
cium : stamens 4 in two whorls, opposite to the perianth 
leaves and bent inwards until mature but explode when ripe. 
Gyn2Ecium : carpels 1 or 2; ovary usually unilocular with 
a single basal orthotropotis ovule. Fruit : generally air 
achene or a drupe ; sometimes a soiosis or a syconus.- 
Seed : albuminous. 

Pollination*: Wind-pollinated and insect-pollinated. 

Distribution : Much more abundant in the intertropi-*- 
cal regions. 

Affinities : This Order is nearly related to the Malva-- 
cece, Tiliacece and Euphorbiacece but differs from them by 
possessing a simple ovary. There is a further relation to- 
the Chenopodiacece. 

Properties & Uses : Many produce good timber-trees,, 
edible fruits and valuable fibres. The bark of some is bitter 
and astringent. Some plants yield narcotic resinous pro- 
duct and the milky juice of many yields an acrid poisonous 
substance and caoutchouc. The seeds and milky juice 
of some are nutritious. The bark of some is used for 
making paper. Some yield dyes. 


Cohort : Polygonales. 

Natural Order : Polygonace.2£. 

Polygonaceae (Dicot.) 

(Words in italics denote distinguishing characters). 
Example : (Pakurmul, Polygonum Hydropiper)*- 

Floral Formula : P 3 +3 A 3+3 G(3)_. 

Habit : herbs with jointed .stems, rarely shrubs or 
trees. Leaves ; alternate, simple ; stipules joined to form 
an ochrea inside the leaf-base surrounding the stem and 
axillary buds. Inflorescence : primarily racemose but 
the partial inflorescences are usually cymose. Flowers 
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•hermaphrodite, regular, cyclic or acyclic. Perianth : 
.generally two-whorled, each whorl consisting of 3 parts, or 
perianth-segments are 5, spirally arranged. Andrcecium : 
stamens 6 in two whorls or 5 — 8 in one whorl. Gynabcium : 
-carpels 3 united ; ovary one-locular with a single , basal , 
orthotropous ovule ; styles free. Fruit : almost always a 
triangular nut. Seed : endospermous. 

Pollination : Pollinated by wind or insects. 

Distribution : Chiefly north temperate. 

Affinities : Nearly related to the Chenopodiacece and 
Amarantaceae from which it differs by the ochrea, character 
-of the perianth and single erect seed with its embryo having 
the radicle turned upward. It is also related to the Nycta - 
ginacece and Caryophyllacece. 

Properties & Uses : The leaves of these plants fre- 
quently possess an acrid juice. Some are strongly astringent 
while the roots of many are more or less powerfully purgative. 
The starchy endosperm of some seeds furnishes a valuable 
■substitute for corn. 

Cohort : Centrospermal 

Mostly herbs. Flowers cyclic or acyclic. Stamens often as 
many as' and opposite to the perianth-leaves but also 1 to in- 
definite. Carpels 1 to indefinite, usually united ; ovary generally 
superior, rarely inferior, generally i-locular, rarely multilocular ; 
ovules campylotropous, x to indefinite. Embryo curved. 

Natural Orders : Amarantaceas, Nyctaginace.®, Portu- 
lacacejs, Caryophyllacece. 

AMARANTACEA3 (Dicot.) 

Examples : (Morughp>hul, Celosia cristaia) ; 

(Kantanota, Amarantns spinosus). 

Description. 

Habit : herbs, rarely undershrubs, erect or with climbing 
branches. Leaves : opposite or alternate. Inflores- 
cence : often primarily racemose but the partial inflores- 
cences are always cymose, at first often dichasial but with 
a tendency to become scorpioid. Flowers : regular. 
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hermaphrodite, rarely unisexual ; bracts -and bracteoles 
are present. Perianth : simple, rarely absent, persistent 
after flowering, of 5, 3, 2 (rarely 1 or 4)" leaves, more or less 
united, sepaloid. Andrcecium : stamens 1 — 5, opposite 
to the perianth leaves, hypogynous ; anthers slightly bent 
inwards in bud and sometimes unilocular. GYNiECiUM : 
carpel generally 1 ; ovary generally i-locular and i-ovuled. 
Fruit : utricle, caryopsis or berry. Seed : pendulous, 
albuminous. 

Distribution : Abundant within the tropics. 

Affinities *. Very nearly related to the Chenopodiacece . 

Properties & Uses : Generally with somewhat mucila- 
ginous juice, seldom with active properties. 


Nyctaginaceae (Dicot.) 

Example : (Krishnakeli, Mirabilis Jalapa ). 

Description. 

Habit : trees, shrubs or herbs whose stems are swollen 
at the nodes. Leaves : simple, opposite or spirally arrang- 
ed. Inflorescence : cyme, rarely raceme, umbel or 
capitulum. Flowers : hermaphrodite or unisexual ; usu- 
ally there are several bracts constituting an epicalyx which 
is often coloured. Perianth ; usually consists of 5 petaloid 
leaves which are persistent upon the ripe fruit. Andrce- 
•cium : stamens 1-30, filaments often of unequal lengths. 
Gynjecium : ovary is monocarpellary containing a single 
ovule. Fruit : an achene enclosed by the perianth leaves. 
Seed : albuminous. 

Distribution : Natives of warm climates. 

Affinities : This Natural Order is closely related to 
the Polygonacece but its inferior radicle and fruit enclosed 
by the perianth leaves are evident distinctions. 

Properties & Uses : The roots of the Nyctaginaceae 
are generally purgative. 


i 



Portulacaceae (Dicot.). 

Example : t* (Nuniyashak, Portulaca tuberosa). 

Description. 

Habit : succulent herbs, rarely undershrubs. Leaves : 
opposite or alternate, entire. Calyx : sepals 2, rarely 3 
or 5. Corolla : petals generally 4 or 5, free or united be- 
low. Andrcbcium : stamens 4 to many. Gyn/Ecium : 
carpels usually 3, unitedinto a superior i-locular ovary with 
several stigmas and 2 to many ovules on a central basal 
placenta. Fruit : a capsule. Seed: albuminous. 

Pollination : Mostly insect-pollinated. 

Distribution : Natives of waste dry places in various 
parts of the world but chiefly at the Cape of Good Hope 

and in South America. 

Affinities : This Order is very closely related to the 
Caryophyllacece but it is distinguished by the number of 
sepals and the number and position of stamens. It is 
also related to the Chenopodiacem . 

Properties & Uses : Some plants possess edible tuber 
and some possess starchy root. 


Carycphyllaceae (Dicot.). 

Example : fww (Ghimashak, Polycarpon Loeflingia ) 
Floral Formula: K( 5 )C 5 A 5+6 G(5), 

Description. 

Habit : Most are herbs, a few undershrubs, possessing 
stems swollen at the nodes. Leaves : opposite, simple, 
usually entire, often stipulate. Inflorescence : a dichasi- 
al cyme. Flowers : generally hermaphrodite and regu- 
lar. Calyx : sepals 4 or 5, united or free, imbricate. Co- 
rolla : petals 4 or 5, sometimes absent. Andkcecium : 
stamens 8 or 10, rarely fewer, generally in two whorls. 
Gynjscium : carpels 2-5 united in a i-locular ovary contain- 
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ing 2-many ovules. Fruits : usually a capsule. Seed : 
albuminous. 

Pollination : Insect-pollinated. 

Distribution : Mostly natives of temperate and cold 
climates extending to the Arctic regions and to almost the 
extreme limit attained by flowering plants or mountains. 

Affinities : The nearest relations of the Caryophyllacese 
are the Illecebvacece and Portulacacea. The Illecebraceae 
may be distinguished by their scarious stipules and utricu- 
lar fruit, and the Portulacacese by the 2-leaved calyx 
* and by the stamens, when equal to the sepals, being alter- 
nate or opposite to the petals. Some forms connect this 
Order with the Amaraniacece and Chenopodiacece . 

Properties & Uses : The plants of this Order are ge- 
nerally devoid of active properties. 


Cohort : Ranales. 

Natural Orders : Nymph^eace.®, RanunculacE2B, 
Menispermacese, MagnoliAcE2B, Anonaceae. 

Nymphaeaceae (Dicot.) 

Example : W (Padma, Nelumbium speciosum ). 
Description. 

Habit ; water or marsh plants usually with rhizomes. 
Leaves : floating, cordate or peltate, or when submerged, 
much-dissected. Flowers : solitary, usually large and 
acyclic. Calyx, Corolla & Androecium : partially pet- 
aloid sepals gradually passing into petals which also gra- 
dually pass into stamens. Gynjbcium : superior, semi- 
inferior or inferior ; carpels many, united or free : when 
free, the carpels are embedded in a curious torus ; 
ovules usually anatropous. Fruit : indehiscent ripe carpels 
free or united into a fleshy berry-like mass. Seed : 
possesses both perisperm and endosperm and is often 
.arillate. 
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Distribution-: Distributed throughout the whole of 
the Northern Hemisphere and more sparingly m the 
Southern Hemisphere. 

Affinities • This Order is related to the Papaveracece 
in the character of the ovary and Ranunculacecs m the 
character of a highly developed disk The character of 
the floral envelopes and stamens allies them to the Magnoha- 
cecz The habit relates these plants to the Hydrochandacea 
and the structure of the ovaries indicates some affinity with 


the Alismacece. 

Properties 
astringent and 
to be narcotic, 
as food. 


& Uses : These plants possess bitter, 
sedative properties. The flowers are said 
Seeds of some, containing starch, are used 


RANUNCU LACEiE (Dicct.) 

Description. 

Habit * most are herbaceous perennials with rhizomes, 
usually of condensed form. Leaves : usually alternate 
with sheathing bases and often very much divided. In- 
florescence : more often cymose, sometimes racemose 
with a terminal flower. Flowers : regular or irregular, 
hermaphrodite or unisexual. Thalamus : usually elongat- 
ed Perianth : either consisting of a petaloid calyx, or of 
. caiyx and corolla usually spiral. Andrgecium : stamens 
usually spiral. Androecium : stamens indefinite in number 
and spiral. Gynhicium : carpels many and spiral ; ovary 
apocarpous ; ovules many but, in some cases, reduced to 
one. Fruit: a group of achenes. or follicles, sometimes- 
a capsule or berry. Seed : albuminous. 

Pollination :. Insect-pollinated. 

Distribution :• Abundant in damp, cool climates and 
are scarcely met with in the tropics, except on mountains. 

Affinities : The structure of the essential organs of 
this Order allies them closely to the Magnoliacea and 
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Dilleniacere, the former of which have distinct stipules- 
while the latter have arillate seeds; both differ in habit. 
Some are closely related to the Berber idacece from which r 
however, they differ in the indefinite stamens and in the 
sutural dehiscence of the anthers. From the Nymphaacece 
and Papaveracece, they are distinguished by distinct carpels. 
Relations exist also with the Rosacece from which this Order 
is known by its hypogynous stamens and general properties. 

Properties & Uses : The plants of this Order generally 
possess acrid and more or less narcotic properties, some' 
being virulent poisons. The poisonous property resides 
in the watery juice and, in most cases, volatile and capable 
of dissipation by heat. The seeds of some are drastic pur- 
gatives and emetics. Some of- the milder plants are used 
as tonics on account of the powerful bitter they contain, 

MENISPERMACEiE (Dicot.) 

• Example : (Gulancha, Tinospora cor difolia). 

Floral Formula : 

Description. 

Habit: mostly climbing shrubs. Leaves: simpler- 
alternate, palmate or peltate. Inflorescence : generally 
a raceme. Flowers : unisexual, usually dioecious, rarely 
perfect or polygamous. Calyx : sepals 6, rarely 1-4 or 
9-12, in two whorls. Corolla : petals 6, rarely 5-1 or 
absent, in two whorls, free or united. Andrcecium ;• 
stamens usually 6, opposite to each petal. Gyn^ecium 
carpels; 3, rarely 1, or 6-12, free ; ovule 1, rarely 2, generally 
amphitropous. Fruit: a drupe or an achene/ Seed :■ 
albuminous. - . 

Distribution : Natives of the tropics of Asia and 
America : a few are found in more temperate regions. 

Affinities : This Order is related to the Anonacece and 
Berberidacece , Its nearest ■ neighbours are the Lardizaba - 
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lacecB and Schizandracea. It is also distantly related to 

the Magnoliacece but its habit, generally unisexual flowers 
and absence of stipules separate it from that Order. 

Properties & Uses : Some are poisonous and narcotic. 
The roots and seeds of some are used as tomes and diuretics. 


Magnoliaceae (Dicot.) 

Example : tPIt (Champa, Michelia Champaca). 

Description. 

Habit • Trees or shurbs, sometimes climbing . Leaves : 
.simple, alternate, sometimes stipulate. Flowers: herma- 
phrodite or unisexual and its whorls are generally spir 1, 
sometimes cyclic. Perianth : generally petaloid and con- 
sists usually' of three alternating trimerous whorls, one of 
sepals and two of petals. Androecium : stamens many, 
spirally arranged. Gynvecium : carpels many free or 
partly united, arranged spirally on a long receptacle. Frui r . 
a follicle, berry or samara. Seed : albuminous. 

Pollination : Insect-pollinated. 

Distribution: Abundant in the Southern states of 
'North America. Some occur also in the West India Islands, 
Japan China and India. A few occur in the extreme south 
.of South America, Australia and New Zealand. 

Affinities : This Order is closely related to the Dillema- 
cece but is distinguished by its 3-merons flowers and, mmany 
cases by the stipules. Its imbricated Corolla and homo- 
genous endosperm separate it from the Anonacece The 
character of flowers indicates a relationship with the 
Schizcmdracem. 

Properties & Uses : Bitter tonic or aromatic proper- 
ties in the bark and excessively fragrant blossoms are 
the most striking qualities of the plants of this Order. 
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ANONAOEAE (Dicot) 

Examples : ft&tfsifctni (Kantalichampa, Artabotrys 
odoratissimus) ; (Ata, Custard-apple, Anona squa- 
mosa) ; c*m\ (iVona, Anona reticulata) ; cwfa* (Debdaru,. 
Polyalthia longifolia ) . 

Floral Formula : P 3 ^. 3 + s A many Csmany . 

Description. 

Habit : trees or shrubs, sometimes climbing. Leaves : 
simple, alternate, entire. Flowers : hermaphrodite, rarely 
unisexual, regular. Perianth : usually consists of three 
whorls, one or two outer whorls are sepaloid. Androecium : 
stamens many, rarely few, closely arranged on the torus. 
GYNiEClUM : carpels i-many, free or rarely united ; ovules 
usually many, anatropous. Fruit: commonly an aggre- . 
gate of berries which sometimes fuse with the torus. Seed : 
generally contains ruminate endosperm. 

Distribution : Natives of the tropical regions of Asia, 
Africa and America. 

Affinities : This Order is separated from the Magno - 
liacece by the absence of stipules, valvate aestivation of 
corolla and the form of anthers. Ruminate endosperm 
of this Order indicates a relationship to the Myristicacece . 
It is also distantly related to the Berberidacece and Merits- 
permaceae . 

Properties & Uses : These plants are generally aroma- 
tic and fragrant. Some yield sweet, succulent fruits. 


Cohort : Rhocadales. 

Flowers cyclic, hypogynous, regular or irregular, dichiamy- 
deous, rarely monocMamydeous ; ovary superior. 

Natural Orders: Papaveraceae, Capparidace^, Cruci- 
ferae. 

3 r 




PAP AVER ACE AE (Dicot.) Fig. 244. 

(Words in italics denote distinguishing characters). 
S/mpx-bs : (Opium Poppy, Pa P aver somn, 

ferum) ; (Shialkanta, Argemone mexicana). 

Floral Formula : K2C2+2 Amany 0(2-8). 

Calyx . se P ala ?1 ; w0 w horls, imbricate or crumpled 

C °!u LL k Andrcfcium : stamens many in alternating 
in the bud. Andrce , many, united ; ovary 

■whorls. GVN'ECTUM ■ ^ oyules 0I ( parietal placentas 

supenoi , contarwng capsule opening by 

WhiCh ^ive Seed -. contains oily endosperm. 

^ : Bv insects which visit the flowers for 
pollen because the flowers produce no honey. 

P Distribution : Mainly natives of Europe. 

Disti nearly related to the Fumana- 

Affinities Th . d having irregular flowers, diadel- 
cea from which Aditt The quaternary arrange- 

Ph °f ofThTfloral enveloVes and the pod-shaped ovary 
ment of the mu ^ the Crucifem and Cappan- 

cause aclosejese . < ^ the re is a marked distinction 
dacece from which, h f th ecl an( ] narcotic 

Sit 6 iSTTt i a£ SuSSSW Nymphaeaceee by the 

general structure pfthe^flowen ^ ^ ^ of 

,. P o^w TI is S inerallv powerfully narcotic, sometimes 
this Older s - (tried milky juice obtained fiom 

acrid. The opium is the dned m.lg 1 a fised 

the unripe capsule. _ The scufe n ^ and 

oil which 1S rif q a( 1 lulterat i ng olive oil ; the oil-cake is also used 
as a means ■ ^ yellow acrid juice of some is poison- 

»f ‘to ">0, l «» 1*'" B I — \ 

emetic and purgative properties. 
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CAPPARIDACEAE (Dicot.) 

Examples: (Harhara, Cleome Viscosa). 

Floral Formula: K2+2CX4A2+2 or moreG(2) or more. 

Description. 

Habit : herbs or shrubs, erect or climbing, rarely trees. 
Leaves: alternate, rarely opposite, simple or palmately 
•compound ; stipules frequently present, herbaceous or re- 
duced to spines or glands. Inflorescence : raceme/ 
corymb or fascicle. Flowers : regular or irregular, usually r 
■hermaphrodite. Calyx : sepals 4 or 6 or 8, free or united 
in one whorl or in tw r o whorls. Corolla : petals 4, rarely 2 
or absent. Andrcecium : stamens 4 or more. Gyn^cium : 
carpels 2 or more, united in a i-locuiar ovary with 2-4 pariet- 
al placentas, sometimes the ovary is 2-8-locular, Fruit : 
a siliqua (with replum), nut, berry or drupe.SEED : exal- 
buminous. 

Distribution : Abundant in the tropical and sub- 
tropical regions of the world, especially in Africa. 

Affinities : This Order is closely related to the Cruci- 
fer cz from which it is distinguished by the stamens which, 
are generally indefinite, or which, when only 6 in number, 
are very rarely tetradynamous, and by the stipitate ovary. 
Its parietal placentas and disk ally it to the Resedacece. It 
has a more distant affinity to the B ixaceee. 

Properties & Uses : A few plants possess pungent juice 
which is dangerous. The root of some plants is said to be 
very acrid and to blister. 


CRUCIFER AE* (Dicot ) Fig. 243. 

(C. U. 1912, 1919). 

(Words in italics denote distinguishing characters). 
Examples : (Sarisha., Brassica Napus ) ; 

fMula, Radish, Raphanus sativus) ; ttWH (Cabbage, •, 


Brassica oleracea) ; ^ (Cauliflower which is a 

variety from Cabbage) ; ItW (Turnip, Brassica Rapa). 

■ Floral Formula : K2 + 2CX4A2+ 220(2). 

Description. . . 

TTatsit • herbs annual or perennial, rarely undershrubs , 
iuice often pungent. Leaves : simple, alternate, exstipulate.^ 
Inflorescence^ : raceme or corymb without bracts and 
bracteoles Flowers: usually hermaphrodite, iegula • 
Calyx two-whorled, each whorl bearing z free 
sp Da i s Corolla : petals 4 arranged in the form of a cros. 
alternating with the sepals. Andriecium : two-whorled , 
stamens tetradynamous, 2 in the outer whorl and 4 
"to 1 he toner whorl anthers = 

bases of the stamens. Gynalcilm . . c ^ r P;* Lb ' ~ 
uhited • ovary 2-locular by a false septum called the 
whichU » outgrowth from the ptoconta ■ ovnl ,■ 
anatropous and campylotropous. Bruit . 
silicula. Seed : non - endospermous . 

Pollination : generally insect-pollinated out st 
pollination is also common. 

Distribution : Abundant in temperate and cold cli- 
mates, and seldom found otherwise than on mountains m 
the tropics. 

Affinities: This Order is related to the / apaveraua 
and Fumariaceee. With the Capparidaccce, the agreement is 
still closer in the general character of the flower and seed , 
but when the Capparidacese have so few as six stamens 
they are not tetradynamous-an almost universal condition 
in the Cruciferse. 

Properties & Uses : The general character of these 
plants is antiscorbutic, the watery juice being often pungent 
and occasionally acrid. The seeds yield oil which is contained 
in' their cotyledons. By cultivation the acrid paces become 
milder and the structures are easily made very succulent 
from abnormal development of parenchyma. Under these 
conditions they become valuable esculents either m their 
roots stems, leaf-stalks or undeveloped inflorescence. 
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Inter. Questions on “Cruciferae** from 1909-22. 

1. Refer the following plants to their Natural Orders and give 
reasons for your answer — the Mustard plant, the Melon, the Tulsi 
plant, the Rice plant (C. U. 1912). Ans : State the important 
characteristics of the following plants — Mustard ( Ltuciferae ), Melon 
( Cucurbitaceae ), Tulsi ( Labiatae ), Rice ( Gramineae ). 

2. Describe the Natural Order Cruciferae, with special refer- 
ence to the leaves. Give examples and drawings to illustrate your 
description (C. U. 1919) . 


Cohort : Rosales. 

Flowers cyclic or rarely heniicyclic, monochlamydeous or dich- 
lamydeous, hypogynous or epigynous, regular or zygomorphic ; 
.carpels free or united. 

Natural Orders : Rosacea, Leguminosae. 

Rosacese (Dicot.) 

(Words in italics denote distinguishing characters). 

Example: (Golap, Rose, Rosa damascena). 

Floral Formula : KgCsAmanyGj,— many. 

Description. 

Habit : perennial herbs, shrubs or trees. Leaves ; 
alternate, simple or compound, usually stipulate, the stir 
pules often attached to the petiole. Flowers : ge- 
nerally hermaphrodite, actinomorphic. Thalamus : ge- 
nerally hollowed to a greater or less extent so that various 
degrees of perigyny occur. Frequently there is a central 
protuberance bearing the carpels, even in the forms with 
very much hollowed thalamus. In a few cases, the carpels 
are united to the thalamus and are fully inferior. Calyx ; 
sepals 5, imbricate, odd sepal posterior. Sometimes 
an epicalyx is present, which is supposed to be 
formed from the stipules of the sepals which have become 
joined in pairs. Corolla : petals 5, free, imbricate. An- 
drcecium : stamens 5 to many, always in whorls, often 10 + 
5+5; incurved in bud . Gynlecium : carpels 1 to many, 
freey sometimes slightly united at the base ; ovules usually 2 
in each carpel, anatropous. Fruit : often an aggregate 
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(Words in italics denote distinguishing characters ) . 
Examples : cst«1 (Chhola, gram, Cicer arietinnm) 
(Massurdal, Lens esc 
Pea, Pisum sativum); 

(Arahardal, Cajanns 

Pkaseolus radiatus) ; (Mushkalai 

burghii ) ; W* (Barbati, Vigna Catjang ) 

Pachyrhizus angidalus) ; (Shim, 

*Wsttfsf$l (Aparajita, Clituria 
Trigonella Fcenum — grcecum) 

Sissoo ) ; ft* (Nil , Indigo/era tv. 
shonda, Cassia occidentals 
CcBsalpinia pulcherrima) ; (Gila 

(Lajjabati, Mimosa pudica) (Babl 

arabica) ; t*i;w (Siris , Albizzia Lebbek). 

Description. 

Habit : trees, shrubs or herbs of most vary: 

The stem is erect, creeping, twining or climbing 
or hook. Branches or stipules become usually 


ilenta) ; stare® (Matarsunti, 
'Kuncli, Abrus precatorius) ; 
indicus) ; (Mugerdal, 

Phaseohis Rox- 
it* (Sankalu, 
Dolichos Lablab) : 
Ternatea) ; (Methi, 

f»ps (Sishu, Dalbergia 
toria ) ; (Kalka- 

; (Krishnachura, 

Enlada Purscetha ) ; 

a. Acacia 
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into thorns. The roots bear small tubercles which enable the 
plants to grow in soils poor in nitrogen. Leaves : generally 
compound, pinnate, alternate, stipulate . Inflorescence : 
generally simple raceme, sometimes panicle and spike. 
Flowers : regular (and then frequently polygamous) or 
irregular (and then usually hermaphrodite). Calyx : 
sepals 5 more or less united, odd sepal anterior. Corolla : 
petals 5, free. In many cases, the corolla consists of a large 
posterior petal (vexillum or standard), two smaller side 
petals (ake or wings) and the two anterior petals united to 
form a boat-shaped structure (carina or keel). Androeci- 
um consists typically of 10 stamens, free or united into a 
tube ; in the latter case the tenth stamen (the posterior one) 
often remains free. Many variations from the typical 
androecium are found. In cases where a keel is present, 
the stamens are enclosed in it. GYNiEciUM : carpel one with 
edges joined at the posterior side of the flower with marginal 
placentation ; ovules usually many. Fruit : typically 
a legume , but sometimes a lomentum, follicle, pyxis, berry, 
drupe or nut. Seed : exalbuminous , with large fleshy coty- 
ledons containing store of reserve-materials. 

This Order is divided into three Sub-Orders ( Papili - 
onacece , Ccesalpiniece and Mimosece) which are distinguished 
by the following characters : — 

(1) Papili onacece : Calyx tubular to above the middle ; 
Corolla papilionaceous with the upper odd petal (standard 
or vexillum) exterior e.g., ^ 39 © (Pea, P i sum sativum) ; 

(Shim, Dolichos Lablab) etc. (2) Gesalpinieje : Calyx 
tubular to below the middle; corolla with the odd petal 
inside the lateral one e.g., f 3 *g 5 l (Krishnachura, Caisal - 
p inia p ulcherrirna) . (3) Mimosece : flowers regular, hypogy- 

nous with valvate aestivation ; inflorescence generally 
a capit ulum ; leaves sometimes modified into phyllodes 
e.g., (Lajjabati, Mimosa fliidica). 

Pollination : Pollination is effected by bees which 
visit these flowers for honey secreted round the base of 
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the pistil but is wanting in those flowers in which the sta- 
mens are all joined. The honey is reached with the help 
of the free stamen. Stamens and pistil are protected 
within the keel which is joined to the wings. The insect 
alights on the wings which are thus pressed down with the 
keel from which the pistil emerges before the stamens, 
and catches any pollen-grain that may occur on the body 
of the insect. Self-pollination may sometimes occur. 

Distribution : The Papilionacece are universally dis- 
tributed but are most abundant in warm climates. Some 
genera are widely diifused, others are almost confined to 
particular parts of the globe, as Australia North or South 
America, Cape of Cxood Hope etc. ihe Casatpinea and 
Mimosece are chiefly tropical but the latter abound beyond 
this limit in Australia. 

Affinities : This Order is closely related to the Rosacea. 

Properties & Uses : Some plants with mild juices are 
frequently exceedingly nutritious; when the juices are 
more concentrated, they become either purgative or astring- 
ent. Some of them are poisonous. In other inspects, 
they furnish most valuable timber, fibres, gums, dyes etc. 
The seeds of many form important food-stuffs. 

Inter. Questions on “Leguminosae” from 1909-22. 

1 Describe tlie flower of a member of the Natural Order. 
Leguminosce-papilionacecp, indicating particularly how pollination 
is brought about. (C. U. 1910). 

2. Compare the structure of the flower of a Pea with that of a 
flower of the Sensitive plant and say why they are included m the 
same Natural Order. (C. U. 1913)* 

Ans. Flower of Pea (Papilionacea) : flowers zygomorpl.ic ; 
calyx of five sepals'; corolla of papilionaceous form composed ot 
5 pe t a 1 s ; on e 1 arge poste ri or ( vexi Hum or st a n d a r d ) , two a n t e ; i o r 
united into a boat-shaped structure (carina or keel) and two (a he or 
wings) on two sides of the keel or carina. Stamens 10 ; filaments 
all united into a tube surrounding the pistil or the posterior stamen 
is free. Flower of Sensitive plant (Mimosa) : flowers actmomcr- 
phic; calyx & corolla valvate, pentamerous or tetrameious; 
stamens free, numerous, or equal or double in number to the 
petals. 

Reasons why Pea & Sensitive plant ate included in the same 
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Natural Order are (x) that both of them possess monocarpellary, 
many-ovuled pistil, and (2) that both of them possess alternate, 
, compound, and, stipulate leaves . ' 

3. Compare the essential structures which determine a plant 
.as belonging to the Labiatae and those which determine a plant as 
Leguminosas (C U. 1914). 

4. Describe briefly the method of pollination of the Garden 
Pea, illustrating your answer by figures (C. U. 1916). 

Ans. See “Pollination" under Leguminosce . 

5. Describe the structural characteristics of either the Orclii- 
daceae or the Leguminosse (C. U. 1919). 


Cohort : Geraniales. 

Flowers cyclic, dichlamydeous or monochlamydeous, rarely 
achlamydeous, usually pentamerous ; stamens variable ; carpels 
.5 — 2 superior, rarely more, in one whorl, often separated from one 
another again when ripe ; ovules usually 2 — 1, rarely many. 

Natural Orders : Geraniacese, Oxalidace^e, Rutacese, 
Euphorbiaceae. 


GrERANIACEAE (Dicot.) Fig. 247. 

(Words in italics denote distinguishing characters ). 

Floral Formula : K 5 C 5 A 54 . 5 G(5). 

Description. 

Habit : mostly herbs, often hairy. Leaves : alternate 
or opposite ; pinnate- veined or palm ate- veined, stipulate . 
Inflorescence : a cyme or cymose umbel. Flowers : 
usually regular, hypogynous, hermaphrodite. Calyx: se- 
pals 5, free, imbricate, persistent. Corolla : petals 5, 
twisted, clawed, readily falling. Andrcecium : stamens 
10 in two whorls, obdiplostemonous, or inner whorl replaced 
by staminodes ; slightly joined at the base ; nectaries alter- 
nate with the antipetalous stamens. Gyn^scium : carpels 5 
united, opposite to the petals, seated on a disc which grows 
'between them as they ripen ; the styles bearing the s-tig- 
matic surfaces are free at the top ; placentation axile with 
.1 or 2 ovules in each loculus. Fruit : the carpels separate 


\ 
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when ripe , and roll back with a strip of the style, which 
becomes spirally twisted, breaking off from the carpophore. 
The segment of fruit is, in some cases, single-seeded and 
indehiscent so that the fruit is a true schizocarp ; in 
other cases, the segment dehisces to set free the seed, 
arid -the fruit is called a schizocarpic capsule. Seed : ex- 
albuminous ; embryo is curved with folded cotyledons. 

Pollination : generally insect-pollinated, sometimes 
self-pollinated. 

Distribution : Abundant in the temperate parts 
of the Northern Hemisphere, Cape of Good Hope 
and Australia. One species is found in Asia Minor. 

Affinities : Many points of affinity exist with Oxa- 
lidacece. Linacece, Balsaminacece, Tropceolacece and Zygo- 
phyllacece . The arrangement of the carpels round a colu- 
mn, the palmate leaves of some kinds, the monadelphous 
stamens and the convoluted embryo cause a good deal of 
resemblance to some of the Malvaceae but its imbricated 
aestivation of Calyx at once distinguishes it from the 
Malvaceae. 

Properties & Uses : Astringent and aromatic proper- 
ties are general. Some possess tuberous roots which are 
eaten at the Cape, of Good Hope. 


OXALIDACEJE (Dicot.) Fig. 243- 


Example : (Annul, Oxalis corniculata). 

Floral Formula : K 5 C B A 5+5 G(5). 

Description. 

Habit: most are perennial herbs. Leaves : alternate, 
often compound, exstipulate. Inflorescence : cyme. 
Flowers : large, regular, hermaphrodite. Calyx : sepals 
5, free, imbricate, persistent. Corolla: petals 5, twisted 
or imbricate, free or slightly united. Andrcecium : stamens 
ro in two whorls, obdiplostcmonous, united below with 
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introrse anthers. Gynjecium : carpels 5 united ; ovary 
superior, 5-locular, ovules many or few in each loculus- ; 
placentation axile, style free. Fruit : a capsule or berry. 
Seed : albuminous. 

Pollination ; Insect— pollinated. 

Distribution : The members of this Order are generalfy 
diffused in temperate and hot climates ; most abundant 
in America and Cape of Good Hope. 

Affinities : Nearly related to the Geraniacecc . From 
the Linaccce these plants are distinguished by their com- 
pound leaves ; but the septa, in the capsule of the Linaceae 
afford the most constant distinction. 

Properties & Uses : The most marked property of this 
Order is the acid juice, depending on the presence of oxalic 
acid. Some yield tubers furnishing wholesome food. 


RUTACEJE (Dicot) Fig. 249. 

Examples : (Patinebu, Lime, Citrus acida) ; 

CTO (Bael, Aegle Marmelos) ; (Ashhoura, Gly cos- 

mis peniafihy lid) ; (Kamini, Murray a exotica). 

Floral Formula : K5 or 4C5 or 4 A 10 or 8G (5 or 4 ).' 

Description. 

Habit : trees or shrubs, sometimes climbing, rarely 
herbs. Leaves : alternate or opposite, exstipulate, usually 
compound, with glandular dots, often aromatic. Inflores- 
cence : usually cymose. Flowers : usually hermaphrodite, 
rarely unisexual, regular or zygomorphic, with a large 
disc below the gymecium. Calyx : sepals 5 or 4, free or 
united, usually imbricate. Corolla : petals 5 or 4, free, 
imbricate or valvate. Andrqscuim : stamens 4-5 or 8-10, 
rarely more, with introrse anthers. Gyn^cium : carpels 
usually 4-5, rarely 3-1 or many, often free at the base and 
united above by the style ; ovary superior, multilocular ; 
ovules 2-many in each loculus, anatropous with ventral’. 
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raphe and micropyle facing upwards. Fruit : various, 
j schizocarp, drupe, berry etc. Seed : albuminous or ex- 

| albuminous. ; 

Distribution : Found chiefly in Europe, North Asia, 

Cape of Good Hope, Australia and East India. 

Affinities ; This Order is related to the Anacar diace ce ■'] 

and AurantiecB which differ from this in the character of ; 

fruits. There is a considerable affinity to the Euphorbia j 
cere and some plants belonging to the Oleacece. There is ! 

also some affinity to the Zygophyllacece , Ericacece and Si - 1 

marubacece . p* 

/, Properties & Uses: The Rutacese are generally re- 

markable for a strong aromatic odour and for possessing 
antispasmodic, diuretic and tonic properties. Some fruits 
1 \ are eaten and are generally laxative. Some fruits possess 

. j abundant pulp which varies chiefly in the degree of acidity 

k, and the peculiar aroma ; the acidity depends, in many 

cases, on the presence of citric acid which renders them 
very valuable as antiscorbutic agents. 


EUPHORBI ACEJE * (Dicot.) Figs. 250, 251. 

(Words in italics denote distinguishing characters). 

Example : casts! (Bherenda, Castor, Ricinus communis). 

Description. 

Habit : shrubs or trees, a few herbs, most contain a 
milky juice which is often poisonous. Leaves : simple, 
rarely compound, usually alternate but sometimes opposite 
above and alternate below ; stipules usually present but may 
be represented by branched hair-like structures, glands or 
thorns. Inflorescence: usually complex, often the first 
branching is racemose and all subsequent ones eymose. 
Flowers ; unisexual , monoecious or dioecious, regular, 
hypogynous. Perianth : usually absent, sometimes one 
whorl (Calyx) of 5 parts is present, or rarely two whorls, 
each of 5 parts, are present. Androecium : stamens, 
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i to many, free or united in various ways ; Ricinus has 
branched stamens. Gynjecium : carpels 3 usually united ; 
ovary superior with axile placentation and 3 loculi ; ovules 
1 or 2 in each loculus. Fruit: invariably a schizocarp - 
capsule separating into cocci. Seed : albuminous with a 
/ characteristic caruncle. 

Distribution : Widely distributed over the globe. 

Affinities : This Order is closely related to the Siercu- -- 
liacece and Malvacece as the composition of ovary is analo- 
gous and the stamens often monadelphous. Some are 
related to the Rhamnacece. They approach the UrticacecB 
owing to the possession of unisexual and frequently incom- 
plete flowers but they differ from the Urticaceas by their 
compound ovaries. 

Properties & Uses : These plants very frequently pro- 
duce a juice which contains caoutchouc ; the watery part 
of this sap is generally more or less acrid, purgative, emetic 
or powerfully poisonous, from the presence of a principle 
dissipated by heat ; starch abounds in the roots of some 
kinds, while oil of a purgative character is common in the 
seeds ; the bark of some of the trees has tonic properties ; 
the wood of several is very valuable for its hard close tex- 
ture ; and several of the piants furnish dyes. 


Cohort : Sapindales. 

Flowers cyclic, monochlamydeous, dichlamydeous or achlamy- 
deous, usually pentamerous ; androecium various ; gynaecium o£ 
5—2 united carpels, rarely more, often separated from one another 
again when ripe, usually with 2 — 1, rarely many, ovules which are 
either pendulous with dorsal raphe and micropyle facing upwards, 
or ascending with ventral raphe and micropyle facing downwards. 

Natural Orders : Anacardiaceae, Sapindace^e. 

ANACARDIACEjSE (Dicot.) Pigs. 252, 253. 

Examples : ^ (Am, Mango, Mangifera indica) ; '®rt a cat 
(Amra, Spondias Mangifera). 
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Description. 

Habit : trees or shrubs, often with a resinous or milky 
.acrid-juice. Leaves : simple or compound, usually alter- 
nate, very rarely opposite, without gland-dots. Inflores- 
cence : usually a panicle. Flowers: small, usually re- 
gular and hermaphrodite, sometimes polygamous or uni- 
sexual. Calyx : sepals small, usually with 5, sometimes 
3.-4 or 7 lobes, persistent. Corolla : petals equal in num- 
ber to the lobes of the calyx or absent. Andrcecium ; 
stamens as many as petals, rarely more, inserted on an 
annular fleshy disc ; anthers, 2-celled. Gynlecium : carpels 
usually 3 free or united, very often only one of the three is 
fertile, and frequently only one carpel is found at all ; some- 
times there are 5 or 6 carpels ; ovary superior, rarely inferior, 
i-locular ; ovule solitary on a long funicle. Fruit : indehis- 
eent, commonly drupaceous. Seed : cxalbuminous or 
albumen very scanty. 

Distribution : Chiefly tropical. 

Affinities : This Order is related to the Xanthoxylem , 
Burseracece , Connaracem , Rosacece and Legitminosm but 
differs in the structure of the ovary and seed. 

Properties & Uses : The resinous juice of these plants 
is acrid or violently irritating or poisonous. Some kinds, 
however, yield edible fruits. Some are powerful purgative 
and emetic. The bark of some is used in tanning and the 
wood of a few yields dye. 


f 
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SAPINDACEvE (Dicot.) 

Examples : fag, (Litchi, Nephelium Litchi) ; 
(Ashphal, Nephelium Longana) ; fa§1 (Ritha, Sapindug 
Mukorossi ), 

Description. 


Habit : trees or shrubs, rarely undershrubs or herbs, 
somA: lines climbing or twining, occasionally with tendrils. 
Leaves : sim ple or compound, alternate or opposite. Inflo- 
rescence : cymose, usually scorpioid cyme with bracts and 
bracteoles. Flowers : unisexual, generally monoecious 
or polygamous, regular or irregular, small. Calyx : sepals 
4-5, free or united. Corolla : petals usually 5, sometimes 
4, occasionally absent. Andrcecium : 5-10, often with z 
absent, more rarely 5, 4 or many, inserted within or rarely 
upon the disc round the rudimentary ovary. Gyn^ecium : 
carpels usually 3, united ; ovary usually 3-locular with ter- 
minal style ; ovules 1-2, rarely more, in each loculus. Fruit : 
a capsule, nut, berry, drupe, schizocarp or samara. Seed : 
often arillate, exalbuminous. 


Distribution : Natives of the tropics, especially of, 
South America and India ; some occur in North America, 
.and other temperate regions. 

Affinities: These plants are distinguished from the 
M zlpighiacece by their asymmetrical flowers. 

Properties & Uses : Some produce delicious fruits. 
The bark of some is astringent and is used in dyeing. 
The sap of a few plants yields sugar in the spring. The 
fruits of some make a lather with water and are used for 
washing. The juice of the leaves and bark of some species 
is poisonous. Some 3deld light and handsome timber. 
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Cohort : Rhamnales. 

Flowers regular, cyclic, sometimes apetalous ; stamens opposite 
to petals ; carpels 5—2 united ; ovules 1—2 ascending with dorsal, 
lateral or ventral raphe. 

Natural Orders ; Vitace#, Rhamnace.e. 

VITACEiE or AMPELIDEiE (Dicot.) Fig. 254, 

Examples : (Vine, Vitis vinifera) ; 

(Harjora, Vitis qun dr angular is j . 

Description. 

Habit : shrubs, climbing by tendrils, less often erect. 
Leaves * alternate, stipulate, frequently gland-dotted. 
Inflorescence: cymose, usually complex ; bracteoles 
oresent Flowers: small, regular, hermaphrodite or 
unisexual. Calyx : sepals 4-5, small and cup-like, very 
slightly lobed. Corolla : petals 4-5, valvate, often united 
at the tips and falling off as a hood on the opening of the 
bud. Andrcecium : stamens 4-5, opposite to the petals,, 
at the hase of a hypogynous disc , with introrse anthers. 
Gyn^ECIUM : carpels usually 2 united, rarely 3-6: ovary 
muitilocular with 2 anatropous ovules in each loculus. 
Fruit : berry. Seed : albuminous. 

Distribution : Mostly natives of tropical and sub-tro- 
pical regions. 

Affinities : Some plants are related to the Meliacece, 
Celastrinece, Rhuviuucccc, and AyuHucccb. 

Properties & Uses : The plants of this Order generally 
produce delicious fruits. 


6 ? 


IM 


RHAMNACEiE (Dicot.) Fig. 256. 

Example : 3*1 (Kul, Zizyphus Jujuba). 

Description. 
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Habit : nearly all are trees or shrubs, often climbing by 
aid of hooks, tendrils and twining stems. Leaves : simple, 
usually stipulate, leathery, never lobed or divided. Inflore- 
scence : cymose, or a corymb. Flowers : small, 
hermaphrodite, rarely unisexual, regular, sometimes 
apetalous. Thalamus : hollow, free from or united to 
the ovary. Calyx : Sepals 5-4, valvate. Corolla : petals 
5-4, rarely absent, inserted on the throat of the calyx-tube, 
clawed. Androeeium : stamens 5-4, opposite - and attached 
to the petals, often hidden within them ; disc usually well- 
developed, intra-staminal. Gynaeeium : carpels free or 
more or less united to thalamus ; ovary 3 — , rarely 2-or 4- 
locular ; ovules 1, rarely 2, in each loculus, erect, anatropous, 
the raphe dorsal, rarely lateral. Fruit : dry, splitting into 
dehiscent or in dehiscent mericarps, or a drupe or a nut. 
Seed : albumen small or absent. 

Distribution : Widely distributed. 

Affinities : The Rhamnaceae are clearly distinguished 
from the Celastraceae by the position of the stamens before 
the petals. The position of their stamens, the fleshy disc 
and the separate petals indicate great difference from the 
Order, Aquifoliaceae. Their nearest relations are the 
Ryttneriacede and Euphorbiaceae , 

Properties & Uses : Some are acrid and purgative, 
some are tonic, others with edible fruits. Some fruits yield 
dyeing material. 


Cohort : lalvales. 

Flowers cyclic but not always, rarely apetalous ; hermaphrodite, 
rarely unisexual, usually regular*; Calyx and Corolla usually pentam- 


30 
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erous ; Calyx- usually valvate ; stamens many or in 2 whorls with the 
inner divided; carpels 2 to many, each with > to many anatropous 

Natural Orders : Tiliaeeae, Malvaceae, Stereuliaeeae. 


TILIACEAE (Dicot.) Pig. 255. 

Example : ’It'S (Pat, Jute, Corchorus capsular is). 
Description. 

Habit = trees or shrubs, rarely herbs. Leaves : simple, 
alternate, rarely opposite, usually stipulate. Inflorescence : 
always, at least after the first branching, cymose and often 
very complex. Flowers: usually hermaphrodite, regular; 
disc annular or absent. Calyx : sepals 5, free or united, 
valvate. Corolla: petals 5 free, rarely absent, often 
glandular at base. Androecium : stamens usually many, 
free or united in groups, inserted at base of petals or on 
androphore, with 2-celled anthers. Gy naeeium ; carpels 
2 to many ; ovary superior, 2 -to many— locular, with r to 
m any ovules in each loculus. Fruit : fleshy or dry, inde- 
hiscent or dehiscent. Seed : albuminous. 

Distribution: Some of these plants occur m the 
northern parts of both hemispheres, the rest are chiefly 
tropical 

Affinities : The distinct or polyadelphous stamens, the 
2-locular anthers, and the disc separate these plants from 
their near allies, the Malvaceae and Stereuliaeeae. From 
Ternsiroemiacae they differ in the aestivation of the Calyx, 
and from Blxaceae. in the structure of the fr uit. 
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Properties & Uses : These plants generally possess 
mucilaginous juices and fibrous bark. Many are valuable 
timber-trees and some yield edible fruits. A few of these 
plants yield a dye. 


malvace&e * (Dicot) Mg. 257. 

(C. U. 1911, 1917, 1922). 

(Words in italics denote distinguishing characters ). 

Examples : (Jaba, Hibiscus Rosa-sinensis ); 

(Dhanras, Hibiscus esculentus)- (Sthalpadma, Hibiscus 

mutabilis ); TOW (Palas, Thespesia populnea)\ (Simul 

Cotton, Bombax malabaricum); (Kapas Cotton, 

Gossypium acuminatum). 

Floral Formula : K , , C, , A G . . 

(5J (5) many ( 5 ) to_ many. 

Description. 

Habit : herbs, shrubs or trees. Leaves : simple, 
alternate, palmate-veined, stipulate. Inflorescence : 
sometimes compound, made up of scorpioid cymes. 
Flowers : usually regular, hermaphrodite, hypogynous. 
Calyx : sepals 5 slightly united or free, persistent, valvate, 
some possess an epicalyx probably formed of bracteoles. 
Corolla : petals 5 free, slightly joined at the base with the 
staminal tube, twisted in the bud. Androeeium : stamens 
usually many owing to branching, all united below into 
a tube which is joined to the petals and at first 
sight makes the Cor >lla appear gamopetalous ; each anther 
==Mlf an anther, reniform, the pollen grains are spiny. 
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farnpls i to many frequently 5> united ; 

many m each ca p ^ generaUy a dry capsule or 

IXIp" sometimes . be,,,. Seed t albuminous : „ntr,c 

ror:r^\r^- 6 bae t ,^ k 

msWution'-Nabve, oft, epics and 

^Affinities • The Malvaceae are closely allied to the Sltt- 
Amnitie • b the genera l structure and the 

cuhacecu an ue distinguished by their i- 

aestivation of the ^aiy related by their 1 

loculat anthem ; to the ^ ”1 1 ell... 

truant 

, rrjrtrs 

f; quantities , of The seeds of 

CoTon Sir. largo quan tity of a lmost colourless oil. 

STERCULIACEAE (Dicot.) 

Example: wSWI ( Kanak Champa ’ pterospt,mum 

acsrifolitm). 

Description. 

Leaves^ alternate, S s^ulatf Inflorescence : usually 
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a complex cyme. Flowers : usually regular and herma- 
phrodite, sometimes unisexual. Calyx : sepals 5 usually 
united below, valvate, with no epicalyx, Corolla : petals 5 
or absent, free or sometimes attached below to stamina! 
column. Androeeinm : stamens many, often branched, 
more or less united into a tube ; anthers 3-celled. 
Gynseeium : carpels usually 2-5 united, rarely solitary ; 
ovary superior, sessile or stalked, usually 2-5-locular ; ovules 
2 to many in each loculus, anatropous. Fruit : various, 
often' a schizocarp. Seed : usually albuminous, sometimes 
arillate. 

Distribution : Mostly tropical or sub-tropical. 

Affinities : Related to the Malvaceae and Piiiacece , 

Properties & Uses : Generally mucilaginous. The seeds 
of some are oily. Some species yield fibres fit for cordage 
and woven fabrics. 


Cohort : Parietales. 

Flowers cyclic or hemicyclic with often many stamens and carpels, 
dichlamydeous, rarely apetalous, hypogynous or epigynous, carpels free 
or united, often with parietal placentation. 

Natural Orders : Passifloraeeae, Begoniaceae. 

PASS IFLGR ACE AE (Dicot.) 

Example : (Papaya, Carica Papaya .) 

Description. 

Habit herbs or shrubs, mostly climbers with axillary 
tendrils. Leaves : alternate, often stipulate. Inflores- 
cence : usually a panicle. Flowers : regular, hermaphro- 
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dite or unisexual, monoecious or dioecious. Thalamus : 
of various shapes, often hollowed and frequently with a 
central andro-or gyno-phore ; it is usually terminated by 
outgrowths, often of petaloid or staminodial appearance, 
forming the corona. Calyx : sepals 3*5. united. Corolla ; 
petals 3-S, usually united. AndrCBCium : stamens 3-5 
attached to the calyx ; anthers usually 1 -celled, some line 
2-celled. Gynaecium : carpels usually 3, unite* , ovary 
generally x-locular ; ovules many, anatropous ; placentation 
axile. Fruit : a capsule or berry. Seed : albuminous with 

fleshy aril. , . . c 

Distribution: Mostly tropical or sub-tropical. Some 
occur in South America and West India. A few occur in 
North America, Africa, East Indies and Australia. 

Affinities : This Order is generally associated with the 
Cut urtilacem which it resembles in habit and structure of 
the ovary, the most marked difference being the herma- 
phrodite flower, superior ovary and the albumen in the see 
The corona and the gynandrophore mark this Order out wry 
clearly. It is closely allied to the Samy dace ce in which, 
however, there is no corona. Its relations to the Cappand- 
aceae, Bixaceae and Vtolaceae are also well marked. 

Properties & Uses : The pulpy fruits of many species 
are eaten. Astringent properties occur in the leaves an some 
leaves are said to be narcotic. 



( m ) 


BEGONIAOEAE (Dicot.) 


Description. 

Habit : most are perennial herbs with thick rhizomes or 
tubers, a few are undershrubs or climbers by roots. 
Leaves : generally alternate, asymmetrical with large stipules. 
Inflorescence : like dichasial cyme. Flowers : asymmetri- 
cal, unisexual, monoecious. Perianth: in male flower, 
2-whorled, outer whorl usually contains 2 parts and the inner 
wnorl usually 2, sometimes absent; in female flower, the 
perianth consists of 2-6 parts. Andrceeium : stamens 
usually many, free or united ; anthers 2-celled. Gynaeium : 
carpels usually 2-3 with 2-3 loculi ; ovary inferior with many 
anatropous ovules ; placentation axile, often projecting far 
into the ovary. Fruit: usually capsular. Seed: exalbu- 


minous. 


Distribution : Natives chiefly of India, South America 
and the West Indies. 

Affinities : Nearly related to the Cucurbit aceae. 

Properties and Uses : The roots of many plants appear 
to be bitter and astringent, sometimes purgative. 


Cohort : Opuntiales. 

Flowers hemicyclic, dichlamydeous with many spirally arranged 
stamens and parts of perianth, carpels 4 to many, forming an inferior 


Natural Order : Cactaeeae. 
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CACTACE^E (Bicot.) 

Example : (Naghphana, Opuntia dilhnii) 

Description. 

Habit : fleshy, mostly leafless plants of peculiar aspect, 
with stems globular or columnar and many-angled, or 
flattened and jointed, usually with prickles which are regarded 
by some as modified leaves and by others as emergences. 
Flowers: usually regular, hermaphrodite, solitary. Perianth : 
leaves usually many, showing gradual transition from 
sepaloid to petaioid leaves, spirally arranged, often up to 
the side of the ovary. Androeeium : stamens many, 
epipetalous. Gynsecium : carpels 4 to many ; ovary 
inferior, unilocular with many anatropous ovules ; placenta- 
‘ tion parietal. Fruit : a berry, the flesh being derived 
from the funicles. Seed : albumen scanty or absent 

Distribution ; Almost exclusively found in the hotter 
parts of America, especially in dry situations. One species 
is found in Africa and Ceylon. 

Affinities : This Order is closely related to the 
Loasaceae . There is also considerable resemblance to the 
Mesembryanthaceae, CucurbUaceae , Saxifragaceae and 
Ribesiacece. 

Properties & Uses : A subacid juice is commonly 
present in these plants, whence some of them are esteemed 
as remedies in fevers. 
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Cohort : Myrtiflorae. 

Flowers cyclic, dichlamydeous, rarely apetalous, usually regular ; 
axis tubular ; carpels 2 to many, usually united to axis, rarely free. 

Natural Orders Lythraceae, Combretaeeae, Myp- 

taceae. 

LYTHRACEAE (Dicot). 

Examples : (Dalim, Pomegranate, Punka 

Granatum) ; C®S 3 l (Keora, Sonneratia apetala)', «i 4 i(Menthi, 
Lawsonta alba). 

Description. 

Habit : herbs, shrubs or trees. Leaves : usually opposite, 
simple, entire. Inflorescence : raceme, panicle or dichasial 
cyme. Flowers : regular or zygomorphic, usually herma- 
. phrodite. Calyx : sepals usually 2-6, united, valvate ; frequent- 
ly an epicalyx, formed of stipules, is present ; the axis 
(“calyx-tube”) is hollow, generally tubular ; Corolla : petals 
as many as sepals, crumpled in bud, sometimes absent. 
And rCBCiimi : stamens inserted on calyx-tube, typically 
twice as many as sepals but sometimes fewer or many. 
Gynaeeium : ovary superior, usually 2-6-locular, rarely 
1- locular ; ovules usually many, anatropous, ascending ; style 
simple ; stigma capitate. Fruit : dry, usually capsular. Seed ; 
exalbuminous . 

Distribution : Found in all zones excepting the frigid. 

Affinities : This Order is nearly related to the Saxi- 
fragaceaelt is also related, to a certain extent, to the Labiatae , 
several Calycifloral Orders and Rhizophoreae . 
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Properties & Uses : Many of these plants have 
astringent properties and several are valuable as dyes. A 
few possess blistering properties. 


COMBRBTACEAE (Dicot.) 

Example : (Haritaki, Myrobalan, Terminalia 

citrina) 

Description. 

Habit : trees and shrubs, many are climbers, some 
twining and some with hooks formed of the persistent bases 
of the petioles. Leaves ; alternate or opposite, simple, 
exstipulate, Inflorescence : generally racemose, rarely cymose. 
Flowers : usually hermaphrodite, regular and sessile. Calyx : 
sepals 4-5, united, usually valvate, persistent or deciduous 
Corolla : petals 4 -5 or absent, Androeeium : stamens 
usually io, sometimes 5 or 15, rarely many. Gynaecium ; 
ovary inferior, 1 — locular with 2-5 anatropous, pendulous 
ovules. Fruit : dry, 1 — seeded, often winged at the angles. 
Seed : exalbuminous ; cotyledons convolute. 

Distribution : Generally distributed throughout the 
tropics. 

Affinities : This Order is closely related to the Myrtaceae . 
It is also related to the Onagraceae, Rhizophoraceae , Santa - 
laceae and Lauraceae , 

Properties & Uses : The bark of some plants is astring- 
ent and is used in tanning. Some seeds are eaten like 
almonds. Many yield valuable timber-trees. 
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MYRTACEAE (Dicot ) Pig. 258. 



Examples : C’lsw (Piyara, Guava, Psidium Guyava) ; 
’iww (Kalajamb, Eugenia Jamlolana) ; oftsiWarfo (Golap- 
jamb, Eugenia Jambos) ; siw (Labanga, Caryophyllus 
aromaticus.) 

Description, 

Habit : trees or shrubs, varying in size from a small 
creeper to a giant tree, sometimes herbs. Leaves : opposite,, 
rarely alternate or whorled, entire, usually gland-dotted with a 
submarginal vein. Inflorescence : generally a cyme. 
Flowers: usually hermaphrodite, regular ; the receptacle is 
more or less hollow and united to the ovary. Calyx : usually 
4“5, united or free, valvate or imbricate, sometimes falling off 
like a cap. Corolla : petals usually 4*5, rarely 6 or fewer by 
abortion, or absent. ' Androeeium : stamens usually S-10 or 
numerous, rarely 4-5, distinct or polyadelphous. Gynaeeium •. 
ovary inferior or half inferior, 1 — to many-locular with 2 to 
many anatropous or campylotropous ovules in each loculus 
placentation usually axile, rarely parietal. Fruit : a berry, 
drupe, capsule or nut. ' Seed : exalbuminous. 

Distribution : Mainly distributed throughout tropical 
and subtropical climates. 

Affinities : This Order is nearly related to the Rosaceae 
Mslastomaceae , Lvthraceae and Onagraceae . There is some 
relation to the Lecythidaceae and Chamaelauciaceae . 

Properties & Uses : Some of these plants are aromatic, 
some are astringent and others yield gum or saccharine 
juices. Some plants produce excellent fruits. 
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Cohort : Umbelliflorse. 


Flowers cyclic, dichlamydeous, epigynous, 5-4-merous rarely many* 
merous, usually hermaphrodite, regular; carpels (S~ 1 ) U1 (many) united, 
each with i, rarely 2, pendulous anatropous ovules with 1 integument 
endosperm copious ; flowers usually in umbels. 

Natural Order : Umbelliferae. 


UMBELLIFERAJE (Dicot.) Figs. 259, 260. 

Examples : csflst 1 ! (Jo wan, Carum coplicum) ; ^ 

(Dhane, Conandrum sativum) ; (Gajar, Carrot, Daucus 

Carota) ; siSfa (Mowri, Foenieulum vulgare ). 


Description. 

Habit : herbs with stout stems whose internodes are 
hollow, rarely shrubs or trees. Leaves : alternate, sheathing 
at the base and generally deeply divided. Inflorescence : 
usually a compound umbel. Flowers : usually hermaphro- 
dite, regular ; the tube of the receptacle is sometimes adherent 
to the ovary. Calyx : sepals 5, usually very small, the odd 
sepal posterior. Corolla : petals 5, rarely absent, springing 
from the disc crowning the ovary. Andrfflcium : stamens 
5 springing from the disc crowning the ovary, incurved in the 
bud. Gynsecium : carpels 2 united into an inferior ovary 
surmounted by a double fleshy disc or stylopod from which 
project 2 divergent styles ; ovules 1 in each loculus, pendu- 
lous. Fruit : a cremocarp which splits down the septum 
between the carpels into 2 mericarps, each containing one 
seed and joined to a forked carpophore. Seed : albuminous, 
albumen cartilaginous. 
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Distribution : Abundant in the northern and central 
parts of Europe, Asia and America ; common upon the 
mountains of warmer regions, and again met with in the 
Southern hemisphere, but chiefly 'as dwarf and aberrant forms. 

Affinities : The relations of the Umbelliferae are closest 
with the Araliaceae (from which their fruit differs), Rubiaceae 
(which have gamopetalous corollas, opposite leaves and 
interpetiolar stipules; and Cor?iaceae (where the leaves are 
partly opposite, the flowers tetramerous and the fruit suc- 
culent). In habit as. well as in bicarpellary structure, some 
of the Umbelliferae approach the Saxi/ragaceae . 

Properties & Uses : Many plants possess narcotic 
poisonous substances in solution in the watery juices ; the juice 
of some possesses a gum-resinous matter which becomes milky 
on exposure to the air ; others possess aromatic oils especially 
developed in the pericarp. The root, stem and petiole of 
some, when rendered very succulent by cultivation, retain 
only a moderate quantity of aromatic oils, and are then 
chiefly valuable for their saccharine and mucilaginous 
qualities. 

Cohort ; Ebenales. 

Petals united, stamens rarely many, ovary multi-locular with axile 
placen tati on, and one or few ovules in each loculus. 

Natural Order : Sapotaceae. 
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SAPOTACEAE (Dicot.) 

Examples : (Bakul, Mmusops Elengi ) ; <*t*1 (Moha 

JBassia lalifoha). 

Description. 

Habit : trees or shrubs, mostly with a milky juice. - 
Leaves: entire, leathery, someiimes stipulate- Flowers: 
solitary or in cymose bunches, bracts present or absent, 
hermaphrodite, regular. Calyx : sepals 4-8, free, persistent. 
Corolla : petals usually equal in number to sepals, more or 
less united. Andrceeium : stamens attached to the corolla- 
tube, as many as and opposite to the corolla-lobes, arranged 
in 2 or 3 whorls but frequently the outer ones are staminodial 
or absent ; anthers commonly extrorse. Gynseeium : carpels 
united in a superior, 2-8-locular ovary ; ovules solitary in 
each loculus, anatropous ; placentation axile. Fruit : a berry. 
Seed : few or one, usually albuminous, albumen oily. 

Distribution : Abundant in the tropics of both 
hemispheres. 

Affinities : Allied to the Myrsinaceae and Ebenaceae. 

Properties & Uses : The plants of this Order are 
valuable for succulent fruits, febrifuge bark, oleaginous 
secretions and peculiar gum-resins in the milky juices. The 
dried flowers of Bassia lalijolia are full of saccharine matter 

and are used as food in some .parts of India under the name 

of Mowah. The fruits and seeds of some yield a valuable 
oil. 
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Cohort : Contortae. 

Flowers usually J— , rarely 2-6-merous, usually gamopetalous ; stamens 
usually as many as petals, sometimes fewer, rarely hypogynous, usually 
united at base to corolla ; carpels 2 united ; corolla usually convolute, 
sometimes valvate ; leaves usually opposite, undivided and exstipulate. 

Natural Orders : Apoeynaceae, Asclepiadaeeae. 


APOCYNACEAE (Dicot). Fig. 261. 

Examples : *3^51 (Karamcha, Carissa ■ Carandas ) ; 
{Koalka, Thevetia neriifolid) ; dirt (Korafai), NeHum 
odorum) ; (Gandhamalati, Aganosma earyopkyllata) 

Description. 

Habit : shrubs twining or erect, rarely trees ; latex is _ 
a! ways present. Leaves : opposite or whorl ed, rarely alternate, ~ 
entire. Inflorescence : primary type is a panicle, but in 
its later branchings it sometimes goes over into a dichasial- 
cyme or a cincinnus ; bracts and bracteoles are both present. 
Flowers : hermaphrodite, regular. Calyx : sepals 5, rarely 
4 , limited, Corolla : petals 5, rarely 4, united, usually 
salver-or funnel-shaped, often hairy within, generally con- 
volute. Androecium : stamens 5, rarely 4, epipetalous, 
with short inc uded filaments. Disc : usually present. 
Gynaeeium . carpels usually 2 united or united by 
style and free in the ovarian region, rarely more, superior, 
i-or 2- locular when syncarpous ; ovules in each carpel 2 or 
many,, very rarely solitary. Fruit : usually of 2 follicles,, 
sometimes a drupe or berry. Seed : usually winged and often 
•with a crown of hairs serving for wind distribution. 
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Distribution : Chiefly tropical, a few scattered in tem- 
perate climates. 

Affinities : Related closely to some Logamaceae and 
Gentianaceae, also to the Asclepiadcueae from which they are 
chiefly distinguished by the freedom of stamens from the 

stigma and by the granular pollen. 

Properties & Uses : Often violent poisons, acting as 
drastic purgatives and emetics, sometimes with a narcotic 
influence. " Not a few, however, have delicious edible^ fruits. 
The bark of some is tonic and febrifuge. The poisonous 
principles appear to occur chiefly in the seeds and milky 

juice . 


ASCLEP I ABAC EAE# (Dicot) Fig. 262 (C-U-iQ* 2 ). 

Ex a mples : 'rt’F* (Akanda, Calotroph gigMtea ) ; 
(Anantamul, Hemidesmus mdicus). 

Description. 

Habit : herbs or shrubs, usually twining, latex is present. 
Leaves : simple, entire, usually opposite. Inf Iorescene : 
cymose or recemose (raceme or umbel). Flowers : regular, 
hermaphrodite. Calyx : sepals 5, more or less united, 
imbricate. Corolla : petals 5, more or less united, convolute 
or valvata. Androecium : stamens 5, epipetalous ; filaments 
united into a tube and often prolonged beyond and behind 

the anther into horn-like processes constituting the corona; 

anthers welted, each cell contains granular or waxy 
masses (pollinia) of pollen, the pollinia being united m 
pairs or fours to a gland (< corpusculum ) on the 5-angled 
fleshy stigma. Gynaeei'im : carpels 2, superior, free 
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below but united at the tip with a common style, 
enclosed within the stamina! column ; ovules usually many. 
Fruit : of 2 follicles. Seed : usually crowned by a tuft 
of hairs for wind-carriage ; albumen cartilaginous,, slight. 

Distribution: Mostly tropical, abundant in Asia, “Africa; 
and America., One or two species occur in Europe and a few 
in North America 

Affinity . This Order is closely related to the A^pocyttu^ 

aae\ ,■ . ' ” ; ' . ' 

Properties & Uses : The properties are generally 
similar to those of the Apqcynaceae but are not so active. 

Cohort .* Tubiflorae. 

Flowers typically with 4 isomerous whorls, or more often with 
reduction in gynaecium, or if zygomorphic, also in androecium ; stamen* 
epipetalous ; ovule with 1 integument.. 

Natural Orders; Convolvulaceae, Boraginaceae, 
Verbenaeeae, Labiatae, Solanaeeae, Serophularia- 
ceae, Bignoniaeeae, Acanthaeeae. : > 




■ 




I 




CONVOLVULACEAE (Dieot.) Fig. 263. 

Examples : (Bhuikumra, Ipomoea paniculata) ; 

(Shakarkandalu,- Ipomoea Batatas ); **t$Hr* 
(Kalmishak, Ipomoea reptans). 

Floral Formula : v > _ 

1 : K (5) C (5) A 5 V ' - — ' 

Description. 

t Habit : u herbs or shrubs, . usually, twining, rarely erect, 
very.. rarely trees ; sometimes parasitic. Leaves : alternate 








( :u ) 

or in parasitic species absent. Inflorescence : dichasial cyme 
with tendency to become scorpioid or hebcoid cyme ; bracts 
and bracteoles present. Flowers : hermaphrodite, regular 
Calyx: sepals 5, imbricate, occasionally slightly united at 
base, often persistent. Corolla : petals 5-, united Androe- 
cium : stamens 5, alternating with petals, epipetalous ; anthers 
usually introrse. Gyniecium : carpels, usually a, rarely 3-5. 
united ; ovary on a honey-secreting disc ; ovules 2, rare y 
4 , in each loculus, usually anatropous ; placentation axile. 
Fruit : berry, nut or capsule. Seed : albuminous. 
Pollination : Insec— {pollinated . 

Distribution : Mainly tropical, a few species occur in 
temperate climates. 

Affinities: This Order approaches the Boraginauae, 
Polemoniaceae and allied Orders ; the structure of the 
ovary separates it from the first, and the fruits from the 

SCC Properties & Uses : A purgative property generally 
characterises these plants among which are several yielding 

important medicinal properties. Some produce fleshy tuber 

and root which are eaten. 


BORAGINACEAE (Dieot.) Fig. 264. 

Example ; Stffcpl (Hatisura, HeUoir opium indicum ) 
Floral Formula ; K C^a 5 G ( 2 ) 

Description. 

Habit : most are herbs, a few shrubs and trees. Leaves t 
usually alternate ; leaves and .he res. of .he plan, are genet- 
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ally covered with stout hairs, ltlfiopescenee : usually a- 
scorpioid cyme. Flowers : hermaphrodite usually regular* 
Calyx : sepals usually 5 united, usually persistent, imbricate 
or open in bud. Corolla : petals usually 5 united, funnel- 
shaped or tubular. AndrCBCium : stamens 5, epipetalous, 
alternate with petals ; anthers introrse. Gynseeium : carpels 
usually 2 on hypogynous disc ; ovary superior, usually 4-locular 
by false septum ; ovule 1 in each loculus, erect, anatropous ; 
style usually gynobasic. Fruit : a drupe or 4 achenes. 
Seed : generally albuminous. 

Distribution : Mostly natives of temperate climates in 
the northern hemisphere. 

Affinities : The 4— lobed ovary and fruit of this Order 
agree exactly with those of the Labiatae , in which the 
irregular corolla, didynamous stamens, opposite leaves and 
square stems differ widely. It is also related to the 
Ehretieae . 

Properties & Uses : Generally mucilaginous and 
-cooling, the latter property being due to the potassium 
nitrate they contain. Some yield dye and the fruits of others 
are eaten. 


VERBEN A.CEiE (Dicot.) Figs. 265, 266. 

Examples : (Bhant, Clerodendron infortunatum ) ; 

(Shegun, Teciona grandis). 

Description. 


Habit : herbs, shrubs or trees. Leaves : usually 
opposite, rarely alternate or whorled. Inflorescence : 
-racemose or cymose 1 in the former case, it is most often a 
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snike or head, often with an. involucre of coloured .bracts 
the cymes are usually dichasia, sometimes they also, form 
heads. Flowers: usually hermaphrodite, zygomorphic, 
Calyx : sepals usually 5 or 4, very rarely 6-8, united, persis- 
tent Corolla: petals 5 united, usually with narrow tube, 
often 3-lipped. AndrCBGium : stamens 4 didynamous, 
rarely 5 or 3 or of equal length, alternate with corolla lobes 
anthers introrse. Gynseeium : carpels usually 2, rare y 4 
ri united: ovary superior, usually 4-lobed ; ovule 1 » 
«ch toed-; plantation ».= t style n.n.l y «»>« - 
rarelv more or less sunk between the lobes of the o ary. 
Fruit: generally a drupe, more rarely a. capsule or schizocarp. 
Seed : usually exalbum inous. 

Distribution : Chiefly tropical 

Affinities: The arrangement of the- parts, of the flower 
of this Order is like that of the ScrophulariaCeae but the 
structure of the fruit is different. It is principally distinguished 

from the LaUatae by the terminal style and more coherent 

| carpels. 

LABIA.T AE (Dicot.) Fig. 267. (C. U. 1910, 
1912, 1914). 

Examples: ^ (Tuisi, Oiimum sanctum ); 
(Pathurchur, Cohns aromaticus). 

Floral Formula : K C A G 

(5) (5) 4 (!i- . 

v Description. . : ...... 

: , Habit : mostly herbs or undershrubs . with usually, 
4-angled stems. Leaves : opposite . or whorled, often .hairy 


m 
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and 'gland-dotted, Inflorescence: generally a, verticillaster. 
Flowers: hermaphrodite, zygpmorphic. fJalyx : sepals 
: united into 4-5 cleft or distinctly 2 dipped; calyx which is 
persistent. Corolla . petals 5 , united into usually 2-lipped 
corolla, sometimes corolla is 4-5 lobed. : AndrCBeium : 
petals 4 didynamous or only 2 perfect, epipetalous 1 ; anthers 
introrse. GynSBCium : carpels 2, united ; ovary superior, 
situated on a nectariferous disc, 4-lobed, 4-locular owing to 
each carpel dividing early, into 2 loculi ; style gynobasic ; 
stigma 2-lobed ; placentation axile ; ovule erect, anatropous. 
Fruit : a group of 4 achenes or nutlets, each containing a 
seed; sometimes a drupe. Seed: albumen scanty or 
absent. 

Pollination : Insect-pollinated. Honey is secreted by a 
disc at the base of the pistil and protected by hairs 
and by a constriction of the corolla— tube. The flowers are 
often protandrous but, in some, cross-pollination is due to 
the peculiar structure of the flower. 

Distribution : Mostly natives of temperate climates 
‘but the more fragrant kinds occur most abundantly in the 
warm temperate and drier regions. 

Affinities : This Order is related to the jB&ragiwaceae 
in the structure of the ovary. It also bears affinity to the 
Verhenaceat but is distinguished by the greater degree of 
union of the carpels and the terminal style. 

Properties & Uses : The most striking qualities of this 
Order depend upon the presence of aromatic or fragrant 
essential oils which render some of them as valuable stimulants 
and antispasmodics ;; others flavour herbs and ingredients 
in perfumes etc. : 'Some are regarded as tonics. Fleshy 
trtmonae and tuber of Some are eaten. f v.r. 
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Inter. Questions on “Labiatae” from 1909-22. 

i» Oefifne the Order — Solanaceae and Labiatae (C. U. 1910). 

2. Refer the following plant to its Natural Order and give reasons 
for your answer — Tutsi plant (c. u. 1912). 

AnS ; State the important characteristics of Tulsi plant which 
belongs to the Labiatae, 

3, Compare the essential structures which determine a plant as 
belonging to the Lzbiatae and those which determine a plant as Legu- 
ndnosae (c. u. 1914) 

AnS : State the important characteristics of the Lzbtatae. 

SOLANACEAE *(Dicot.) Fig. 268, 269. 

(C. XL 1910, 1911; 1921), 

Examples ; (Aiu, Potato, Solatium tuberosum ) 
(Begun, Brinjal, Solatium Melongena) ; 
(Kantikari, Solnum Xanthocarpum ); (Lanka, Capsicum - 

fruiescens); (Tanpari, Phy salts peruxviana ); 1^1 

(Datura, Datura Stramonium) : fcfalv (Tamak, Tobacco,. 
( Nicottana Tabacum) ; (Bilatibegun, Tomato, 

Lycopersicum esculeniuvi . 

Floral Formula : K C A G 

(5) (5) 5 (?) 

Description, 

Habit : herbs, shrubs or rarely small trees. Leaves ' 
alternate, often in unequal pairs. Inflorescence ; cymose. 
Flowers : hermaphrodite, sometimes zygomorphic. 

Calyx : sepals 5 united, usually persistent Corolla : 
petals 5 united, of various forms, rarely 2-lipped, often 
folded and convolute. Androeeium : Stamens 5, epi* 
petalous, alternating with petals, or fewer in zygomorphic: 
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flowers. Gynaecium : carpels 2, united ; ovary situated! j<" f 
oil a hypogynous 2-disc, 2-locular or imperfectly i -locular or | 

sometimes many locular owing to secondary divisions ; 
ovules i-many in each locular, anatropous ; placentation 
axile ; style terminal. Fruit : capsule or berry. Seed : 
albuminous. > 

Distribution : Most abundant in the tropics 

Affinity : Closely related to the Scrophulariaceae. 

Properties & Uses : Generally characterised by 
narcotic poisonous properties ; some have an acrid quality, 
some have diuretic action and others are used as tonics. 

Certain kinds furnish wholesome and some important 
articles of food. 

Inter. Questions on “Solanaeeae” from 1909-22. 

1. Define the Orders - Solanaeeae and Labiatae 

(c.u. 1910). 

2. How do you distinguish between Malvaceae, Sola~ 

naceae and Commelynaceae ? Give sketches (cu.1911). 

Ans : State important characters . 

3. Describe the Natural Order , Solanaeeae in detail with 

sketches (c.u, 1921). 

SCROPHULARIACEAE (Dicot) Figs. 270,271. 

Floral Formula : K C A G 

(5) (5) 4 or 2 (2) . 

Description. 

Habit : herbs or shrubs, rarely trees, often semi-parasitic, 
rarely quite parasitic on roots. Leaves : all, or the lower 
only, opposite, rarely all alternate or whorled. Inf lores- 
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'€61168 : racemose (spike or raceme) or cymose (usually 
dichasia, often united into complex corymbs ; bracts and 
hraCteoles present. Flowers : hermaphrodite, zygomorphic, 
sometimes nearly regular. Calyx ; sepals 5 united, 5-lobed, 
rarely 4, usually persistent. Corolla : petals, 5 united, more 
or less 2-lipped, sometimes personate, 4-5 lobed. Androe~ 
<cium : stamens 4, didynamous, epipetalous, sometimes 2 or 
.4 perfect and 1 staminode. Gynaeeium : carpels 2 united 
in a 2-locular superior ovary situated on a honey-secreting 
due ; ovules usually many, anatropous ; placentation axile. 
FfUit : usually a capsule, rarely a berry. Seed ; usually 
albuminous. 

Pollination : generally insect-pollinated ; in default of 
insect-visits, self-pollinated . 

Distribution: universally diffused. 

Affinities : This Order is nearly related to the Orobancka- 
7 m in the general structure of the flower but differs from it 
in having axile placentation instead of parietal placentation 
of Orobanchaccce. A general resemblance exists between 
this Order and the other didynamous gamopetalous 
Orders, but Gesneraccae, Pedaliaceae and Cresctniiaceae have 
parietal placentas, Bignoniaceat and Acinthacem have exalbu- 
minous seeds and Lentilulaceae has a free central placenta- 
tion. 

Properties & Uses : More or less acrid or bitter ; 
mostly unwholesome ; sometimes deadly poisons. 


% 
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BIGNGNIAGEAE (Dieot.) 

Example : 'srtilv'ttfst (Atcapali, Stereos fiermum chelonoi- 
des.) 

Floral Formula .* K 

(5) (5) 4G{2_) 

Description. 

Habit : trees and shrubs, most commonly lianes, very 
rarely herbs. Leaves : usually opposite, compound. Inflo- 
rescence: usually dichasial cyme, sometimes raceme or panicle ; 
bracts and bracteoles present. Flowers : hermaphrodite, 
zygomorphic. Calyx : sepals 5 united, 2-5 lobed. Corolla : 
petals 5 united, usually 2-lipped. Androeeium ; stamens, 4, 
didynamous, epipetalous ; often a rudimentary and rarely 
a fifth perfect stamen present; anther-lobes usually situated 
one above the other, Gynaeeium : carpels 2 united into a 
2-locular superior ovary which is situated on a hypogynous 
disc ; ovules usually many ; placentation axile. Fruit : a 
capsule. Seed : exalbuminous, flattened and winged. 

Distribution : Mostly tropical. 

Affinities : This Order is closely related to the Scrophu - 
lanaceae , Acanthaceat and Gesneraceae. There is also some 
distant relation with the Pedaliauae and Crescentiaceae . 
Properties & Uses : Many of the plants of this Order 
.are used in Brazil for various purposes, such as dyes, medi- 
cines of various action, timber etc. but none are of very great 
importance. 
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ACANTHACEAE* (Dicot.) C. u. 1918- 

Examples : *1«IPW (Kalmegh, Andrographis paniculaia); 
(Bakash, Adhatoda Vasica ) ; (Kulakhara, Hygro- 

phi la sptnosa ). 


Floral Formula 


K 

(4“ 


C AG 

-5) (4— S) 4 (a) 


Description. 

Habit : herbs or shrubs, rarely trees. Leaves : opposite, 
usually entire. Inflorescence: cyme, raceme or spike; 
bracts and bracteoles usually present, often coloured , the 
latter frequently large, more or less enclosing t e owers 

Flowers : hermaphrodite, zygomorphic. Calyx • sepa 5 
4 free or united below. Corolla : petals 5 , rarely 4, united 
in a 2-lipped, less often 5-lobed corolla. Androecium - 
stamens usually 4 or 2 , rarely 5. epipetalous ; anthers 2 - or 
i-called. Gynsecium •• carpels 2 united in a superior, 2 - 
locular ovary which is usually situated on a nectariferous 
disc ; ovules 1 or more in each loculus, anatropous. Fruit : 
usually a bi-locular capsule. Seed : usually exalbuminous. 

Distribution : Chiefly tropical. 

Affinities : This Order is closely related to the Scrophu- 
lariaeeae and Bignoniaceae, differing from the former in the- 
exalbuminous seeds, from the latter chiefly in the structure 
of the placenta and in the seeds not being winged. 

Properties & Uses : Mostly without active properties. 

Inter. Questions on “Aeanthaceae” from 1909-22. 


Describe as fully as you can any of the following families— Compositav 
Aeanthaceae , Gramineae (C. U. 1918). 


f 
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Cohort'. Rubiales. j;| 

Leaves usually opposite j flowers, typically 5-4 — merous regular, , ij 

irregular or zygomorphic ; ovary multi-locular or one-locular with I- 
many anatropous ovules in each loculus : . 

Natural Order : Rubiaeese. i 


RtTBIACEAE* (Dicot.) Pig. 272 
(C. U. 1911, 1915). 


Examples V? 5 ? (Kadam, Anihoiephalus Cadamba ) ; 
GW’tt’ni'l (Khetpapra, Oldenlandia corymbosa) ; 9 S* (Rangan 
Ixora coccinea ) ; ^ (Jui, Pavetta lomentosa) ; ’rtTSt* (Gandha, 
raj, Gardenia fforida). , 

Floral Formula : K C A G 
4-5 ( 4 - 5 ) 4 - 5 1*1 

Description. 

Habit : Trees, shrubs or herbs. Leaves : opposite de- 
cussate, usually entire, stipulate ; stipules interpetiolar or 
intrapetiolar or united with one another and to the petioles to 
form as heath round the stem or sometimes as large as 
ordinary leaves. Inflorescence . commonly a much 
branched cymose panicle, less frequently dichasia. Flowers: 
usually hermaphrodite, regular. Calyx : sepals usually 
4-5, united in a tube attached to the ovary. Corolla ; 
petals usually 4-5, united, valvate, convolute or imbricate. 
Androecium : stamens 4-5, epipetalous, alternating with 
petals. Gynaecium : carpels usually 2, rarely i-to many, 
united in an inferior, 2- locular ovary ; ovules 1 or more in, 
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each loculus. Fruit : a capsule, berry or schizocarp. Seed : 

albuminous. ; 5 , 

Distribution : Mostly tropical ; a few occur in the cool 

parts of the Northern hemisphere and the mountains of the 

Southern. ' . ' " r ■ 

Affinities : This Order is nearly related to the C apr - 

foliaceae. and Loganiaceae. It is also distantly related to the 

Umbelliferae and Compositae. 

Properties & Uses -. Some are emetic and purgative ; 
others febrifuge and tonic ; others stimulant and restorative ; 
some are astringent ; a tew have edible fruits , some yie 
valuable dye-stuffs. 

Inter. Questions on “ ubiae&o "from 1909 - 22 . 

How do you distinguish between Rubiaceae and Compositae ; 
give sketches ? (C. U. 1911). 

Ans . State the important characteristics of Rubiaceae. 

2. Write a short -essay on Rubiaceae (C. U. I 9 » 5 )- 


Cohort : Companulatae. 

Flowers typically fraeron*; anthers close together and often more 
or less united ; ovary multi-locular with i to many ovules, or i- locular 
with 1 ovule. 

Natural Orders . Cueurbitaceae, Campanulaceae, 
Compositae. 
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CUCURBIT A.CE A E *( Dicot. ). Fig. 273 

( C. U. 1912, 1920 ) 

Examples : ^ (Patal, Trichosanthes dioica) \ " 

(Makal, Trichosanthes palmata ) ; : (Low, Lagenaria 

vulgaris ) ; (Dhundul, Luffa aegypiiacd) ; (Jhinga, 
Luff a acuiangula) ;■ (Chalkumra, Benincasa cert f era) ; , 

{Karala, Momordica CharanHa) \ (Kharbuz, 

Cucumis Melo ) ; "HI (Sasa, Cucumis sat tv us) ; 

(Tarbuz, Citrullus vulgaris) \ (Telakucha, 

Cephalandra indie a) ; (Mithakumra, Gourd,. 

Cucurbit a maxima). 

Floral Formula : K C a G_ 

( 5 ) - ( 5 > 5 (3) 

Description. 

Habit : chiefly annual herbs climbing by tendrils, a 
few are shrubs. Leaves: alternate. Inflorescence : usually 
a panicle, rarely sub-umbellate. Flowers : monoecious or 
dioecious. Calyx ; usually 5-toothed by the union of 5 
sepals. Corolla : petals 5, more or less united, inserted on 
the calyx-limb. AndrCBCium : stamens 5, springing from 
the corolla and alternating with its segments, more frequently 
triadelphous with 2 pairs and 1 odd one, sometimes free or 
raonadelphous, very rarely 3 or 2 ; anthers 2 locular, usually 
long and sinuous. Gynsecium : carpels usually 3, united . 
in an inferior, usually 3-locuIar, sometimes 1 or more locular 
ovary ; ovules 1 * many in each loculus ; usually 3 placentas 
placed parietally but on dhe involute margins of the carpels 
so as to meet in the centre. Fruit : a berrydike fruit, 
sometimes called a pepo. Seed : fnostly flattened, , 
exalbuminous. 
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Distribution: Chiefly natives of hot climates. 

Affinities : This Order is closely related to the Begonia- 

teat and Loasaceae. There is also a certain approach to the 
polypetalous Onagraceae and gamopetalous Campanulaccae. 

Properties & Uses : The majority of the plants of 
this Order possess a purgative property. Some kinds may be 
reckoned as poisons, while others, especially when cultivated, 
become innocuous. The milder species furnish esculent 
fruits and vegetables. 

Inter. Questions on “Cueurbitaeeas” from 1909-22. 

1. Refer the following plant to its Natural Order and 
give reasons for your answer — the Melon (C. U. 1912). 

2. Describe, in detail, the characteristics of the Natural 
Order, Cucurbitaceae (C. U. 1920). 


CAMPANULACEAE (Dicot.) 

(Words in italics denote distinguishing characters). 

Floral Formula : K C A G__ 

5 (5> 5 (3) 

Description. 

Habit • mostly perennial herbs with usually milky juce, 
a few shrubs and trees. Leaves : usually alternate. 
Inflorescence: generally racemose. Flowers : usually 
hermaphrodite, regular or zygomorphic. CalyX: sepals 5 
free , narrow, so that the aestivation is open. Corolla : petals 
5 united in a regular or irregular corolla. AndrtBCium : 
stamens 5 , free ; anthers introrse, sometimes united. 
Gynseeium : carpels usually 3 , sometimes 2 or 5 , united in 
an inferior 2-5-locular ovary ; ovules usually many, anatro- 
pous ; placentation axile. Fruit: a capsule or berry. 
Seed : albuminous. 

Pollination : Honey is secreted on the upper surface of 
the ovary and protected by the broad bases of the stamens. 
The latter ripen very early and shed their pollen on to t'he 
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hairy style. The stigmas ripen much later, and in many 
cases, if not already cross ‘pollinated, will curve right back 
and pick up the pollen from their own style. 

Distribution : The plants belong mostly to the 
temperate parts of the Northern hemisphere. 

Affinities : Nearly related to the Compositae and- 
Vaccimaceae . 


Properties & Uses : The young roots aud shoots of 
many, especially when cultivated, are often edible. Some 
yield a violent poison which is emetic or purgative and which 
causes great depression of the pulse, perspiration and in . 
large doses, death. 


COMPOSITAE (Dicot.) Figs. 274, 275 
(C. U. 1909 1911, 1916, 1918, 1921). 


(Words in italics denote disting uhhing characters). 

Examples : rffl (Genda, Tagetes p alula) ; (Surjja- 

raukhi, Sunflower, Reliant hus annuus) ; (Hingcha- 

shak, En hydra fluctuant) ; ^Kusum, Safflower,, 

Carthamus tinciorius ). 

Floral Formula : K C A G 

pappus (5) 5 (2) 

Description. 

Habit . herbs or shrubs, rarely trees. Leaves : simple,, 
alternate or opposite. Inflorescence : usually capitulum , 
rarely spike ; in many cases, the capitula are arranged in 
raceme, corymb etc. or even into compound capitula ; the 
capitulum is surrounded by an involucre, of bracts and 
consists of perfect and imperfect florets closely packed, all 
similar, or of two kinds, those of the centre or. disc and those 
of the circumference or ray ; florets often accompanied by 
membraneous scale-like bracts called paleae . . Flowers : 
hermaphrodite or unisexual, zygomorphic or actinomorphic. 
Calyx ; obsolete, entire, of replaced by a circle of scales,;' 
bristles, or feathered or simple hairs ( pappus ) which is often 
persistent. Corolla : petals 5 united into ligulate'or tubular 
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corolla AndPCBCium : stamens 5 epipetalous ; anthers 
syngenesious , introrse Gynseeium : carpels 2 united into 
1 docular, inferior ovary ; ovule 1 erect ; style bifid at the 
apex with a distinct stigmatic surface on each branch. 
Fruit : a cypsela , often crowned by pappus. Seed : 
exalbuminous. 

This Order is divided into two suborders— ( 1 ) Tubuli* 
florae : flowers of disc not ligulate, latex absent; { 2 ; Ligfuli- 
florae : all flowers ligulate, latex present. 

Pollination : The flowers are protandrous. In some 
flowers, self-pollination is brought about by the stigmas 
curling back to touch the pollen-grains which are caught by 
the hairs on their own styles. 

Distribution : Universally distributed. 

Affinities •* This Order is nearly related to the Dipsaceae 
and Calyceraceae but is distinguished by the condition of 
anthers and ovule. The syngenesious condition, and, in 
some measure, the general structure of the florets, ligulate 
and tubular, indicate a near relation also to the Campanu- 
laceae y wherein, however, the flowers are not only large and 
scattered but the ovaries have more than one loculus with 
many seeds in each. 

Properties & Uses : The plants of this Order are not 
generally characterised by any powerful properties ; bitterness 
is the prevailing quality, accompanied by aromatic secretions 
and by a special lactescent juice which often contains a more 
or less active narcotic principle. 

Inter. Questions on “Compositae” from 1909-22. 

1. Describe a member of the Compositae. Name the plant that 
you are describing and underline in your description those features which 
are characteristic of this Order (C. U.1909). 

2. How do you distinguish between Rubiaceae and Compositae? Give 
sketches. (C. U. 1911.) 

3. Write a short essay on the Compositae . (C. U. 1916). 

4. Describe, as fully as you can, any of the following families— 
Compositae, Acanthaceae and Gramineae (C. U. 1918). 

5 * Describe the Natural Order, Compositae, with sketches 
(C. U. 1921). 
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Pig. 223. Gramineae (m, Oat, A vena sativa). 
axis^^S ^h t th6 P flowors B ^e n an® an ^ed & hag i^ a " ra . mmat i c S as 41 

flumes (g„ gt)t fialea (p,, pT lo7culff(^ t ^Z 

<an) and stigmas (st). D-Dissected flower ^howh m lalTa" t)' 3 
in L ( palea S * tamms (a) an(i roary <«)• E -Fruit enclose 
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. Fig. 226. Palmaceae (Cocoanut). 

A — Floral diagram of a male flower containing 6 perianth leavos and 

1 6 stamens . B — Hermaphro iite flower of a kind of Palm with the perianth 

; ' i 

! removed, showing stamens (st) and ovary (ov). C — Same hermaphrodite 
flower with perianth and 3 stamens removed showing 3 carpels (c) compo- 
j sing the pistil. D —Floral diagram of a female flower containing 6 perianth 
j leaves and 3-eeliod ovary. E— Section of fruit of cocoanut showing the 
^ two outer layers (a) of pericarp , endocarp (b), endosperm (c) and cavity 
1 (d) of tho ondosporm. F-Vertical section of seed stowing embryos (o). 


* 







Fig. 227. Palmaceae (Cocoanut Plant), 



Fig. 228. Araceae (3% Kaelm) 



Fig. 229. Lemnaceae. Fig* 230. Liliacea©. 


A —Male flower with 4-loeular Oprtfwi, Smilax macrophylla) 
anther (a) and filament (s). £— Portion of a branch hearing leaves, 
Female flower. fruits and stipules modified into 


tendrils. 



Fig. 231. Liliacea©. 


A — Flowering plant of CoUhicum (Liliaeoao). B— Floral diagram 
-of Colchicum . C — Transverse section of the fruit of Colchicum . D — 
Vertical section of the seed showing embryo (e). 



Fig. 232, Liliaceae. 


A Floral diagram of a Lily. B-Vertieal section of a flower of 

Liliaceae showing W (o), Perianth <p) and anther (a). C-Porfaonof 
a sucenlent leaf (1) of Aloe (Liliaceae) hearing flowers (f). D-Secbon 
of a flower of Liliaceae showing perianth (p), stamens (a) and sU g ma (s). 
E— Transverse section of the o„.ry M of a Lily. F-Yertical>ction of 
the seed of Lily showing embryo (e) . 







Tig. 235. Amaryllidaceae. 

A— Flcral diagram of a flower belonging to A maryllidaceae , showing 
6 perianth loaves, 6 stamens and 3-eelled ovary. 3— Corolla- tube (t) to 
which 6 stamens are attached, perianth (1) and corona (n). C— 6 perianth 
loaves (p) and corona (n) in the centre. D — Vertical section of a flower. 
E — Vortical section of a seed with embryo (p). 



T 



Fig. 236. Amaryilidaceae 
Perianth (p), stamens (s) and pistil <j). 


Fig. 237. Orchidaceae faFpt, Rasna). 
sr of an Orchid showing twisted ovary * (b), sepal (s) and 
B— Stylar column of an Orchid showing anther (a) and 
C— Floral diagram of an Orchid with labellum (1), 





Fig. 233. Orchidaceae faFfrl, Rasna). 

A — Front view of the flower of an Orchid showing stamen (a), cup (b), 
stigma (n), staminode (x), spur (sp), entrance to the spur (spe), 3 exterior 
perianth leaves (sm, si), lahellum (pm), 2 interior perianth leaves (pi). B — 
Side view of the stylar column. C— A pollinium with massulae (p), 
caudicle (c) and adhesive disc (d)* D — Two caudicles (c) with the disc (d) 
embedded in the cup (r), F — Rcstellum and the base of the anther- 


loculus. 



Fig. 239, Piperaceae. 


((.‘flspifto Piper nigrum). 


A portion of a branch possessing 


leaves, inflorescence at the top and 


k collection of fruits at the bottom. 


Fig. 240. Urticaceae. 

A — Section of inflorescence of Dumar 
showing fleshy axis (a), female flowers ( f\ 
male flowers (m) and bracts (b)* B a 
male flower with stamens (a). C (lower)— 
a female flower with calyx (k) and pis- 
til (g). C (upper)— male flower of sting- 
Nettle (Urticaceae) showing perianth 
(p), stamens (a) and rudimentary ovary 
(g), D — female flower of Stinging Nettle 
showing outer perianth (ap), inner peri- 
anth (ip) upon tho pistil (gh 
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Pig. 244. Papaveraceae Opium Poppy), 

a — A portion of a branch bearing flower (fr) and leaf (1). B-Floral 
diagram showing mother-axis (ax), bract (b), calyx (k), corolla (e), an- 
droecium (a) and gynaecium (g). C-F ruit with pores (p) to liberate the 
^ seeds. D & E— Vertical and Transverse section of ovary. F— Stamen 

j -with filament (fl) and anther (a). G & H— Seed and its section. 





Fig. 246. Leguminosae (flower 
m s . 245. Leguminosae (loaf). & fruit) (-.foisTf?, p ea ). 

(■qSipff, Poa). 

A — Papilionaceous' flower with 
Leaf showing stipules (st), leaf- calyx (k), standard (fa), wing (11), 

keel is). B— Same flower with calyx 
w and corolla removed showing 9 uni- 

ted stamens (a), 1 free stamen (a 1 ) 
and style (n). C~ Floral diagram of 
Papilionaceous flower showing 
mother-axis (ax), calyx (k), vexillnm 
(v), wings (w), keel (e), 9 united sta- 
mens (us) and 1 free stamen (fs), pistil 
(g). D—A fruit with persistent 
calyx (k) and seeds (s). 
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Fig. 247. Geraniaceae. 

A— A branch bearing bracts , flowers with calyx (k) and corolla (c). 
B —Androecium (a) and Gynaecium (g). G— Fruit surrounded by 
persistent calyx (k). D— Transverse section of seed . E— Fruit with 
car p 0 p}i 0 re (q) and carpels (cr). 








Fig. 248. Oxalidaceae fatWfc Oxs/is corniculata). 

A— Floral diagram showing mother*axis (ax), calyx (k), corolla (c), 
'androecium (a), gynaecium (g). B — Flower showing calyx (k), corolla (c) , 
androecium (a) and <wary (o). C— Section of seed. 
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Fig. 249, Rutaceae Mtfeprs., Citrus acida). 


A — Floral diagram showing calyx ft), corolla (<•), androecium {a) and 
gynaecium (g). B— A Flower with a single stamen (a) and pistil com- ^ 
posed of ovary (6), style (s)- and stigma (sr). C— A flower with the 
to pistil only. D— Section of the seed. E— A flower showing corolla, 

i’lo androecium, pistil and. a large disc beneath tlio pistil. F— Androecium 


\ut 

{ -.4* stamens. 







Fig, 2t>l. Euphorbiaceae a 


Upper figure— Part of inflor esc eric© of 


Euphorbia showing/ stalk (s) bract (b), 
flower-bud (kn), involucre (p), gland (dr), 


male-flowers (a), female flower (f) with 


stigma (n}„ 


Lower figure— Diagram of the Cyathium 
of Euphorbia showing involucre (i), gland 
(a), male flower (st) and female flower (gj. 


Fig, 252, Anacardiacea© 


Mango). 


Fruit (m) and Leaf (I), 
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258 Anacardiaceae Mango), 


Flower of Mango showing calyx (k), corolla (c), stamen (s), staminode 
(st), wary (o), sty/e (m), stigma (n). 


Fig. 254. Vitaceae or Ampelideae fata Vine), 


H & S — Flower showing 
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Fig. 256. Rhamnaceae (fsr, Zizyphus Jujuba). 


A Floral diagram showing mother-axis (ax), calyx (k), corolla (c), 

androecium (a), gynaecium (g). B~ Flower consisting of calyx (k), 
corolla (c) and androecium (a). 
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Fig. 257. Malvaceae (m\. Hibiscus Rosa* Sinensis). 

A— -Flower showing epicalyx (s), calyx (k), corolla (c), andvoecium 
consisting of staminal tube (sc) and half ’anthers (an), gynaecium 
consisting of ovary (o), style (st) and stigma (S). B-— A single stamen. 
C — Floral diagram showing molher*axis (ax), epicalyx (ep), calyx (k), 
corolla (c), androecium (a), gynaecium (g). 






260. umbelliferae. Fig. 261. Apocynaceae (^rot 


Carissa Carandas ) . 


H— Entire fruit (f), B-— Fruit 


' a — Right figure : Flower with |-ty 

splitting into two mericarps (m) calyx (k), corolla (c), stigma (s), s!>’/e ^ 

(st), ovary (o). Left figure : Mag- j 
which are joined to the carpophore n ified view of stigma (s), style (st). j 

B— Floral diagram showing calyx 

K * (k), corolla (c), androecium (a), £yna- ^ 

ecium (g) and mother -axis (ax). 



Fig. 282. Asclepiadaceae Akanda, Calotropis gigantea). 


K— -A portion of branch bearing leaves (1) and flowers (f). B — A 
flower with the corolla and staminal column removed, showing calyx 
(k), ovary (o) and stigma (s). © — A flower with the calyx and corolla 
removed, showing the spurred coronal scales (ap) attached to the 
staminal column ; stigma (s). D — A flower showing the corolla (co), 
staminal column and spurred coronal scales. E — Floral diagram 
showing the mother-axis (ax), calyx (k), corolla (c), androecium (a) and 
gvnaecium (g) 0 





Fig. 208. Convoivulaceae. 

31 — A portion of branch bearing two leaves , two flower-buds and one 
flower. B— A flower with a pottion of corolla removed, showing calyx 
(k), corolla (co), androecittm (a), stigma (st) and ovary (o). ©—A fruit. 

floral diagram showing mother-axis (ax), bract (br), calyx (k), corolla 
(c), androecium (a) and gynaecium (g). 
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Fig. 284. Boraginaceae, 

H— Shows inflorescence (In). 8 — 
Magnified view of a single flower 
with a bract at the base. ©—A if 
fruit with mericarps (m)» torus (t) 
and flower*stalk (s). 8— Floral If 

i'T 

diagram showing the mother-axis j 
(ax), calyx (k),corolla (e) t androecium 
(a) and gynaecium (g). 


Fig. 285. Verbena- 
ceae Bhant, 
Clerodendron 
iatortunatum. 

Calyx (k), corolla (c\ 
androecium (a) straight, 
gynaecium (g) bent 
back. Same with and ro- 
ecium (a) curled . and 
gynaecium (g) straight. 
The positions of anaroe- 
cium and gynaecium 
favour cross-pollina- 
tion. 
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Fig. 266. Verbena- 
ceae Teak Tec - 
tona grand is,) 

A— A portion of branch 
bearing leaves (1), flowers 
and fruits (f), B— Magni- 
fied view of a flower show- 
ing corolla (c), androecium 
(a) and gynaecium (g). 


: Fig. 267. Labiatae 
Tulsi, Ocimum 
sanctum), 

A— A portion of the 
plant with inflorescence if) 
and leaves . B— Floral 
diagram showing mother - 
a.vis (ax), ca/yv (k), corolla 
(c), androecium fa, absent 
stamen (as) and gynae- 
cium (g). 
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Pig. 268. Solanacea© Tobacco, Nicotian a Tabacum). 

A flower showing calyx (k), corolla (co) and androecium 
(a). B — Corolla (co) of the flower cut open and showing epipetalous 
stamens (a). © — A flower with calyx, corolla and androecium removed 

showing stigma (s), style , (sfc) and ovary (ov). D— * Longitudinal section 
of fruit . E — Transverse section of fruit. 



i 



Fig. 269. Solanaceae ftjpft, Datum Stramonium ), 


a— A portion of stem (s) and root (r). B— Moral diagram showing 
mother-axis (ax), ca?y* (k), corona (c), androecium (a) and gynaecinm (g). 
©—A flower of Potato (Solanaceae) showing anthers (a), (p)» in the 

anthers and stigma (s)„ D— A. portion of a branch showing 


flowers (fl) and fruit (fr), 


w 19 
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Fig. 270 Scrophulariaceae* 


A— A flower showing calyx (k) ; tube of corolla (r) which is saccate 
at (h), upper lip (o)> under lip (u) with a prominence (g). B— Corolla cut 
open and showing four stamens (2 long and 2 short) and a rudimentary 
stamen (st). D* E & F— -Floral diagrams of which (D) is common; 
calyx (k), corolla (e)* androecium (a), \absent stamen (as)> gynaecium (g), 
mother*- axis (ax). 



Fig. 271. Scrophulariaceae. 

A A flower showing calyx (k) and candla (<'). B— Corolla (c) cut 

open and showing the four epipelalous stamens (a). C— Flower show mg 
calyx (k), style (s) and ovary (ov). D-A fruit. E — Transverse section 
of /rwi£. 

Fig. 272. Rubiaceae f?*?? 

Rangan, txora coccittea)* 

A — Longitudinal section of a 
flower showing calyx (k), corolla {<:*}* 
epipetalons a t a m en s (a) , s t ig m a ( s) , 
$fy/e (sfc), ovary (o). B — Floral dia- 
gram showing mother *axi$ ''.x), 
caly* (k), corolla (c), androecnan (a) 
and gynaecium (g). 








Fig. 278. Cucu- 
rbitaceae (*r®, 
Low, Lagetmria 
vulgaris). 

: A— St ami nate 
flower with calyx 
(k), corolla , a por- 
tion of which has 
been removed and 
amii oecium (s). b — ■ 
A portion of stamen 
showing filament 
(f) and sinuous 
anther (a). 






* *** 


Fig. 274. Compositae. 

Q ^-l jugiludinal section of a disc floret showing calyx represented by 
' if tu ( Insular corolla (e>, syngenesious anthers (a), free filaments 
Ht ), . m:ar -y tf) containing ovule (s), style {gi, and bifid stigma (n'. H — A 
tnaale ray floret * showing calyx represented by pappus (p), Hgidate 
uLil . ** S bifid stigma (n), sty e (g) and ovary (f), f — Floral diagram of 
diM- it ret showing mother -axis (ax), calyx (k), corolla (e), androecium 
* and .u y lutecium <g). 
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Fig. 275. Compositae. 


A— A flower showing calyx represented by pappus (p), liguiate corolla 
(c), stamens consisting of anthers (a) and filaments (s), wary {!)* bifid 
stigma (a). B— An inflorescence (eapitulura) showing ray florets (ra), disc- 
florets (m) and involucre (i). C — Longitudinal section of a capita' mn 
■showing the axis of the inflorescence (r), involucre (i)« ray floret (ra wff 
liguiate corolla (c), disc florets (m) With tubular corolla (o) f ovary (f)< bifid 
stigma (n) and bracteoles or paleae (d), O, E & F— Different kinds erf \ re, 
with a scaly pappus (P of D), hairy * ’ bus > n ■* B) and no pappus (Wfl # 



